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VECTOR MECHANICS 
for ENGINEERS TtH, ’' EomoN 



CHAPTER 2 






PROBLEM 2.1 


60° 3 kN 


Two forces are applied at point B of beam AB. Determine 
graphically the magnitude and direction of their resultant using 
( a ) the parallelogram law, (b) the triangle rule. 
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A| 

J i 

PROBLEM 2.2 

/\ 


The cable stays AB and AD help support pole AC. Knowing 

y L 
y 


that the tension is 120 lb in AB and 40 lb in AD, determine 

y 

loft graphically the magnitude and direction of the resultant of the 

y B 

y • 


forces exerted by the stays at A using (a) the parallelogram 

/ 1 


law, ( b ) the triangle rule. 

@ 6 

r /> — 

. 

1- 8 ft 

|- 6 ft -\ 


SOLUTION 


We measure: 


(a) Parallelogram law: 


( b ) Triangle rule: 


We measure: 



ar = 51.3° 
P = 59.0° 


A 




R = 139.1 lb, 7=67.0° R = 139.1 lb 67.0° ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


4 






PROBLEM 2.3 

Two structural members B and C are bolted to bracket A. Knowing that both 
members are in tension and that P — 10 kN and Q — 15 kN, determine 
graphically the magnitude and direction of the resultant force exerted on the 
bracket using (a) the parallelogram law, ( b ) the triangle rule. 


SOLUTION 

(a) Parallelogram law: 


( b ) Triangle rule: 


We measure: 




R = 20.1kN 7 21.2° ◄ 
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PROBLEM 2.5 

A stake is being pulled out of the ground by means of two ropes as shown. 
Knowing that a — 30°, determine by trigonometry (a) the magnitude of the 
force P so that the resultant force exerted on the stake is vertical, (b) the 
corresponding magnitude of the resultant. 
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PROBLEM 2.6 

( (° ~ ®) ) 

A trolley that moves along a horizontal beam is acted upon by two 
forces as shown. ( a ) Knowing that a = 25°, determine by trigonometry 
the magnitude of the force P so that the resultant force exerted on the 
trolley is vertical. ( b ) What is the corresponding magnitude of the 
resultant? 

a *p 


SOLUTION 


1 







R 

p\ 

^ ^ Z5° 

Using the triangle rule and the law of sines: 


1600 N P 

(a) = 

sin 25° sin 75° 

P = 3660 N ◄ 

(b) 25° + /? + 75° = 180° 


j3 = 180° -25° - 75° 


O 

O 

oo 

II 


1600 N R 

sin 25° ~ sin 80° 

R = 3730 N ◄ 
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PROBLEM 2.8 

A telephone cable is clamped at A to the pole AB. Knowing that the tension 
in the left-hand portion of the cable is 7^! = 800 lb, determine by 
trigonometry (a) the required tension 73 in the right-hand portion if the 
resultant R of the forces exerted by the cable at A is to be vertical, ( b ) the 
corresponding magnitude of R. 


SOLUTION 


/ 




\-5° 





T, - Boo ib 





<C- 





C5*^_ 

-< 

R 







Using the triangle rule and the law of sines: 




(a) 

75 o + 40° + cr = 180° 





s 

II 

OO 

o 

0 

1 

0 

1 

o 

O 




o 

in 

II 





8001b _ r, 
sin 65° ~ sin 75° 



T 2 = 853 lb ◄ 

(b) 

800 lb R 

sin 65° sin 40° 



R = 567 lb ◄ 
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PROBLEM 2.9 

A telephone cable is clamped at A to the pole AB. Knowing that the 
tension in the right-hand portion of the cable is T 2 — 1000 lb, determine 
by trigonometry (a) the required tension T { in the left-hand portion if 
the resultant R of the forces exerted by the cable at A is to be vertical, 
(b) the corresponding magnitude of R. 


SOLUTION 



R 


Using the triangle rule and the law of sines: 


(a) 


75° + 40° + /? = 180° 

/? = 180° -75° -40° 
= 65° 


1000 lb _ 7 , 

sin 75° ~ sin 65° 


1000 lb _ R 
sin 75° ~ sin 40° 


7j = 938 lb ◄ 
R = 665 lb ◄ 
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50 N 


P 



PROBLEM 2.10 

Two forces are applied as shown to a hook support. Knowing that the 
magnitude of P is 35 N, determine by trigonometry (a) the required angle 
a if the resultant R of the two forces applied to the support is to be 
horizontal, (b) the corresponding magnitude of R. 
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PROBLEM 2.11 

A steel tank is to be positioned in an excavation. Knowing that 
a = 20°, determine by trigonometry ( a ) the required magnitude 
of the force P if the resultant R of the two forces applied at A is 
to be vertical, (b) the corresponding magnitude of R. 


SOLUTION 



Using the triangle rule and the law of sines: 

(a) /? + 50° + 60° = 180° 

/? = 180 o -50°-60° 
= 70° 


(b) 


425 lb _ P 
sin 70° ~ sin 60° 

425 lb _ R 
sin 70° sin 50° 


P = 392 lb ◄ 
R = 346 lb ◄ 
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PROBLEM 2.13 

A steel tank is to be positioned in an excavation. Determine by 
trigonometry (a) the magnitude and direction of the smallest 
force P for which the resultant R of the two forces applied at A 
is vertical, ( b ) the corresponding magnitude of R. 
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50 N 


P 



PROBLEM 2.14 

For the hook support of Prob. 2.10, determine by trigonometry (a) the 
magnitude and direction of the smallest force P for which the resultant R of 
the two forces applied to the support is horizontal, ( b ) the corresponding 
magnitude of R. 
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PROBLEM 2.15 

Solve Problem 2.2 by trigonometry. 

PROBLEM 2.2 The cable stays AB and AD help support pole 
AC. Knowing that the tension is 120 lb in AB and 40 lb in AD, 
determine graphically the magnitude and direction of the 
resultant of the forces exerted by the stays at A using (a) the 
parallelogram law, ( b ) the triangle rule. 


SOLUTION 



8 

tan a = — 

10 

a = 38.66° 

n 6 

tan B- — 

10 

p = 30.96° 

a + 13 + 1 // = 180° 

38.66° + 30.96° + ^ = 180° 

y/ = 110.38° 

R 2 =(120 lb) 2 +(40 lb) 2 -2(120 lb)(40 lb) cos 1 10.38° 

R = 139.08 lb 

sin y _ sin 110.38° 

401b “ 139.081b 

y = 15.64° 

(f) = (90° - a) + y 

<j> = (90° - 38.66°) + 15.64° 

({) = 66.98° R = 139.1 lb 67.0° ◄ 



Using the triangle rule: 


Using the law of cosines: 


Using the law of sines: 
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PROBLEM 2.16 

Solve Problem 2.4 by trigonometry. 

PROBLEM 2.4 Two structural members B and C are bolted to bracket A. 
Knowing that both members are in tension and that P — 6 kips and <2 = 4 kips, 
determine graphically the magnitude and direction of the resultant force 
exerted on the bracket using (a) the parallelogram law, (b) the triangle rule. 


SOLUTION 

Using the force triangle and the laws of cosines and sines 
We have: y= 180° -(50° + 25°) 

= 105° 


Then R 2 = (4 kips) 2 + (6 kips) 2 - 2(4 kips)(6 kips) cos 105° 

= 64.423 kips 2 
R - 8.0264 kips 

4 kips _ 8.0264 kips 
sin(25° + a) sin 105° 
sin(25° + ff) = 0.48137 
25° + a- 28.775° 
a = 3.775° 



R = 8.03 kips by 3.8° ◄ 
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120 NW 

r 

PROBLEM 2.17 

\ 25 ° 

yd 

For the stake of Prob. 2.5, knowing that the tension in one rope is 120 N, 

y 

/ 

determine by trigonometry the magnitude and direction of the force P so 

\f 

r 

that the resultant is a vertical force of 160 N. 




PROBLEM 2.5 A stake is being pulled out of the ground by means of two 




ropes as shown. Knowing that a — 30°, determine by trigonometry (a) the 




magnitude of the force P so that the resultant force exerted on the stake is 




vertical, ( b ) the corresponding magnitude of the resultant. 
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50 N 


P 



PROBLEM 2.18 

For the hook support of Prob. 2.10, knowing that P = 75 N and a= 50°, 
determine by trigonometry the magnitude and direction of the resultant of 
the two forces applied to the support. 

PROBLEM 2.10 Two forces are applied as shown to a hook support. 
Knowing that the magnitude of P is 35 N, determine by trigonometry (a) the 
required angle a if the resultant R of the two forces applied to the support is 
to be horizontal, ( b ) the corresponding magnitude of R. 


SOLUTION 




Using the force triangle and the laws of cosines and sines: 


JON J 

We have 

P = l 80° - (50° + 25°) 




= 105° 

/ 


Then 

R 2 = (75 N) 2 + (50 N) 2 

-2(75 N)(50 N) cos 105° 
R 2 = 10,066.1 N 2 

?=1SN / Z' 
' 



R = 100.330 N 



and 

sin y sin 105° 
75 N ~ 100.330 N 




sin y- 0.72206 




7 = 46.225° 



Hence: 

y- 25° = 46.225° - 25° = 21.225° 

R = 100.3 N 21.2° ◄ 
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iQ 

PROBLEM 2.19 



b 

Vi 

Ls5° 

Two forces P and Q are applied to the lid of a storage bin as shown. 


v 55° 

Knowing that P = 48 N and Q = 60 N, determine by trigonometry the 

Y 


magnitude and direction of the resultant of the two forces. 


SOLUTION 


Using the force triangle and the laws of cosines and sines: 


We have 


Then 


and 


Hence: 


y- 180° -(20° + 10°) 

i 

V 


o 

O 

in 

II 


\48 si 

tf 2 = ( 48 N) 2 + (60 N) 2 


\ 


-2(48 N)(60 N) cos 150° 


A 

<v20° 

= 104.366 N 

f? 

1 

io° 

48 N 104.366 N 


/ 


sincr sin 150° 

oC — 

I / CdQ M 

sincr = 0.22996 


IL 


a = 13.2947° 

tr 

r 

0 

O 


0 = 18O°-cr-8O° 

= 180° -13.2947° -80° 
= 86.705° 


R = 104.4 N Ui, 86.7° ◄ 
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PROBLEM 2.20 

Two forces P and Q are applied to the lid of a storage bin as shown. 
Knowing that P — 60 N and Q = 48 N, determine by trigonometry the 
magnitude and direction of the resultant of the two forces. 


SOLUTION 

Using the force triangle and the laws of cosines and sines: 

We have 7= 180° - (20° + 10°) 

= 150° 

Then R 2 = (60 N) 2 + (48 N) 2 

-2(60 N)(48 N)cos 150° 
R = 104.366 N 

, 60 N 104.366 N 

and = 

sincr sin 150° 

sincr = 0.28745 

a = 16.7054° 

Hence: (/) = 180° — a- 180° 

= 180° -16.7054° -80° 

= 83.295° 



R = 104.4 N Tx 83.3° ◄ 
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PROBLEM 2.21 

Determine the x and y components of each of the forces shown. 


SOLUTION 



80-N Force: 

F x =+(80 N) cos 40° 

F x = 61.3 N ◄ 


F y =+(80 N) sin 40° 

F v =51.4 N ◄ 

120-N Force: 

F x =+(120 N) cos 70° 

F x = 41.0 N ◄ 


F y =+(120 N) sin 70° 

F v =112.8 N ◄ 

150-N Force: 

F x = -(150 N) cos 35° 

F x = -122. 9 N ◄ 


F y =+(150 N) sin 35° 

F y = 86.0 N ◄ 
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y 


60 lb 



PROBLEM 2.22 

Determine the x and y components of each of the forces shown. 


SOLUTION 



40-lb Force: 

F x =+(40 lb) cos 60° 

F x = 20.0 lb ◄ 


F y = —(40 lb) sin 60° 

F v = -34.6 lb ◄ 

50-lb Force: 

F x =-( 50 lb) sin 50° 

F x = -38.3 lb ◄ 


F y = —(50 lb) cos 50° 

F y = -32. 1 lb ◄ 

60-lb Force: 

F x =+(60 lb) cos 25° 

F x = 54.4 lb ◄ 


F v = +(60 lb) sin 25° 

F y = 25.4 lb ◄ 
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24 in. 28 in. 


PROBLEM 2.24 

Determine the x and y components of each of the forces shown. 


200 ° I 

30 in. 


SOLUTION 

Compute the following distances: 


102 -lb Force: 


106-lb Force: 


OA = y(24 in.) 2 +(45 in.) 2 
= 51.0 in. 

OB = f( 28 in.) 2 + (45 in.) 2 
= 53.0 in. 

OC = a/(40 in.) 2 + (30 in.) 2 
= 50.0 in. 


F = -102 lb- 


51.0 in. 


F , +10 21b-^ 

y 51.0 in. 


F =+106 lb- 


53.0 in. 


F >=+10 61b4^L. 

y 53.0 in. 


\ioz ib 

7 

/ 

/ 

U) 

zoo lb 

o 


F x = -48.0 lb ◄ 
F v = +90.0 lb ◄ 
F x = +56.0 lb ◄ 
F, = +90.0 lb ◄ 


200-lb Force: 


F. = -200 lb- 


50.0 in. 


F = -200 lb-4th_ 

y 50.0 in. 


F = -160.0 lb ◄ 


F, =-120.0 lb ◄ 
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PROBLEM 2.25 

The hydraulic cylinder BD exerts on member ABC a force P directed 
along line BD. Knowing that P must have a 750-N component 
perpendicular to member ABC, determine (a) the magnitude of the force 
P, ( b ) its component parallel to ABC. 
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PROBLEM 2.26 

Cable AC exerts on beam AB a force P directed along line AC. Knowing that 
P must have a 350-lb vertical component, determine ( a ) the magnitude of the 
force P, ( b ) its horizontal component. 
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PROBLEM 2.28 

Member BD exerts on member ABC a force P directed along line BD. 
Knowing that P must have a 240-lb vertical component, determine (a) 
the magnitude of the force P, (b) its horizontal component. 


SOLUTION 


(a) 

(b) 



sin 40° sin 40° 


R =- 


240 lb 


tan 40° tan 40° 


or P = 373 lb ◄ 
or P x = 286 lb ◄ 
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PROBLEM 2.29 

The guy wire BD exerts on the telephone pole AC a force P directed along 
BD. Knowing that P must have a 720-N component perpendicular to the 
pole AC, determine (a) the magnitude of the force P, (b) its component 
along line AC. 


2.4 m 
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PROBLEM 2.31 

Determine the resultant of the three forces of Problem 2.23. 

PROBLEM 2.23 Determine the x and y components of each of 
the forces shown. 


SOLUTION 

Components of the forces were determined in Problem 2.23: 


Force 

x Comp. (N) 

y Comp. (N) 

800 lb 

+640 

+480 

424 lb 

-224 

-360 

408 lb 

+192 

-360 


R x = +608 

R y = -240 


R - R x i + R y j 
= (608 lb)i + (-240 lb)j 


tan a = — 

R, 

_ 240 
_ 608 

a = 21.541° 

_ 240 N 

_ sin(2 1.541°) 
= 653.65 N 


P-x ~ fe>OS L 

\ i 

u r ^ 1 

- ~ Z40 j ^ 


R = 654 N ^ 21.5° ◄ 
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y 


60 lb 



PROBLEM 2.33 

Determine the resultant of the three forces of Problem 2.22. 

PROBLEM 2.22 Determine the x and y components of each of the 
forces shown. 


SOLUTION 


Force 

x Comp, (lb) 

y Comp, (lb) 

40 lb 

+20.00 

-34.64 

50 lb 

-38.30 

-32.14 

60 lb 

+54.38 

+25.36 


R x = +36.08 

R y =-41.42 


R - R x i + R y j 

= (+36.08 lb)i + (-41.42 lb)j 


R, 

41.42 lb 
36.08 lb 
tan a- 1.14800 
a = 48.942° 


tan a = - 


tancr = - 


R _ 41.42 1b 
_ sin 48.942° 


R* - 3C..O&C 



R = 54.9 lb ^ 48.9° ◄ 
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PROBLEM 2.35 

Knowing that a = 35°, determine the resultant of the three forces 
shown. 


SOLUTION 


100-N Force: 
150-N Force: 


200-N Force: 


Force 

x Comp. (N) 

y Comp. (N) 

100 N 

+81.915 

-57.358 

150 N 

+63.393 

-135.946 

200 N 

-163.830 

-114.715 


R x =-18.522 

R y — —308.02 


F x =+(100 N) cos 35° = +81.915 N 
F y = -(100 N) sin 35° = -57.358 N 

F x =+(150 N) cos 65° = +63.393 N 
F y = -(150 N) sin 65° = -135.946 N 

F x =-(200 N)cos35° = -163.830 N 
F y =-(200 N) sin 35° = -114.715 N 



R 


tan a 


a 


R j + R J 

(-18.522 N)i + (-308.02 N)j 

A 

R , 

308.02 

18.522 

86.559° 


308.02 N 
sin 86.559 


R = 309N ^ 86.6° ◄ 
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80 lb 


a 



PROBLEM 2.38 

Knowing that a = 75°, determine the resultant of the three forces 
shown. 


SOLUTION 


60-lb Force: 

F x = (60 lb) cos 20° = 56.382 lb 
F v =(60 lb) sin 20° = 20.521 lb 

80-lb Force: 

F x = (80 lb) cos 95° = -6.9725 lb 
F v = (80 lb) sin 95° = 79.696 lb 

120-lb Force: 

F x = (120 lb) cos 5° = 1 19.543 lb 
F v =(120 lb) sin 5° = 10.459 lb 

Then 

R x = ZF r = 168.953 lb 
R y =%F y =110.676 lb 

and 

R = ^(168.953 lb) 2 + (1 10.676 lb) 
= 201.976 lb 

110.676 

tan a = 

168.953 

tan a - 0.65507 
a = 33.228° 


Ry - (\ lO» tT-fc lb) J 



^x -0^6. <1^3 lb)o 


R = 202 lb 33.2° ◄ 
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N 


PROBLEM 2.39 

For the collar of Problem 2.35, determine (a) the required value of 
a if the resultant of the three forces shown is to be vertical, (b) the 
corresponding magnitude of the resultant. 


SOLUTION 

R X =ZF X 

= (1 00 N) cos a + (1 50 N) cos (a + 30°) - (200 N) cos a 
R x = -(1 00 N) cos or + (1 50 N) cos {a + 30°) (1) 

Ry=^F y 

= -(100 N) sin a - (1 50 N) sin (a + 30°) - (200 N) sin a 
R y = -(300 N) sin a - (1 50 N) sin (a + 30°) (2) 

(a) For R to be vertical, we must have R x = 0. We make R x - 0 in Eq. (1): 

-lOOcos cr + 150cos (a + 30°) = 0 
-lOOcos cr + 150(cos a cos 30° - sin a sin 30°) = 0 

29.904cos a = 75 sin a 

29.904 

tan a = 

75 

= 0.39872 

a - 21.738° a - 21.7° ◄ 

( b ) Substituting for a in Eq. (2): 

R y =-300sin21.738 o -150sin51.738 o 
= -228.89 N 

R = IR V I = 228.89 N tf= 229 N ◄ 
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500 N 



960 mm 


PROBLEM 2.40 

For the post of Prob. 2.36, determine (a) the required tension in 
rope AC if the resultant of the three forces exerted at point C is 
to be horizontal, ( b ) the corresponding magnitude of the 
resultant. 


SOLUTION 



960 24 4 

R=1F= T. r + (500 N)+ (200 N) 

1460 AC 25 5 

48 

R= — -r, c +640N 

a. 73 

(1) 


1100 7 3 

R = EF V = T ac + (500 N) (200 N) 

y - v 1460 AC 25 5 

A = ~~f r A C + 20 N 

(2) 

(a) 

For R to be horizontal, we must have R v = 0. 



Set R y = 0 in Eq. (2): -^T AC + 20 N = 0 



T ac = 26.545 N 

T ac - 26.5 N ◄ 

( b ) 

Substituting for T AC into Eq. (1) gives 



R x = -—(26.545 N) + 640 N 
73 



R x = 622.55 N 
r = R x = 623 N 

R = 623 N ◄ 
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PROBLEM 2.41 


A hoist trolley is subjected to the three forces shown. Knowing that a = 40°, 
determine (a) the required magnitude of the force P if the resultant of 
the three forces is to be vertical, ( b ) the corresponding magnitude of 
the resultant. 

\ jj 

r n 


/ ► F 

4001b 

2001b 



SOLUTION 



R x =±^HF X = P+ (200 lb) sin 40° - (400 lb) cos 40° 
R x = P-177.860 lb 

(1) 


R v = +jEF y = (200 lb) cos 40° + (400 lb) sin 40° 
R v = 410.32 lb 

(2) 

(a) 

For R to be vertical, we must have R x = 0. 



Set R x = 0 in Eq. (1) 



0 = P -177.860 lb 



P = 177.860 lb 

P = 177.9 lb ◄ 

(b) 

Since R is to be vertical: 



p = p v =410 lb 

R = 410 lb ◄ 
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PROBLEM 2.42 

A hoist trolley is subjected to the three forces shown. Knowing 
that P = 250 lb, determine (a) the required value of a if the 
resultant of the three forces is to be vertical, ( b ) the corresponding 
magnitude of the resultant. 
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PROBLEM 2.44 

Two cables are tied together at C and are loaded as shown. Determine 
the tension (a) in cable AC, (b) in cable BC. 


SOLUTION 


tan a = - 


2.25 

cr = 53.130° 


tan / 3 = 


2.25 

>9 = 31.891° 


Free-Body Diagram 


^ |<- -2.25m 






1.4 


CdCO >4 


Law of sines: 

T'ac _ T bc _ 660 N 

sin31.891° ~ sin53.130° _ sin94.979° 


Force-Triangle 


6 , 0,0 si 


53030 


« 3V.64T 




660 N (s^ 3 1.891°) 

c sin 94.979° 


T ac = 350 N ◄ 


660 N 

T Rr = (sin53.130 ) 

BC sin 94.979° 


T bc = 530 N ◄ 
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PROBLEM 2.46 

Knowing that a- 55° and that boom AC exerts on pin C a force directed 
along line AC, determine (a) the magnitude of that force, (b) the tension in 
cable BC. 
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PROBLEM 2.48 

Two cables are tied together at C and are loaded as shown. 
Knowing that P = 500 N and a = 60°, determine the tension in 
(a) in cable AC, ( b ) in cable BC. 
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PROBLEM 2.50 

Two forces of magnitude T A — 6 kips and T c — 9 kips are 
applied as shown to a welded connection. Knowing that the 
connection is in equilibrium, determine the magnitudes of the 
forces T/j and T n . 


SOLUTION 


^F x = 0 

t^=° 


Free-Body Diagram 



T d sin 40° -9 kips = 0 

T _ 9 kips 
D sin 40° 

T d = 14.0015 kips 


Substituting for T D into Eq. (1) gives: 

T B - 6 kips - (14.0015 kips)cos40° = 0 

T B =16.7258 kips 


( 1 ) 


Tg = 16.73 kips ◄ 
T d =14.00 kips ◄ 
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600 mm 


PROBLEM 2.51 



Two cables are tied together at C and loaded as shown. Knowing 
that P = 360 N, determine the tension (a) in cable AC, (b) in 
cable BC. 
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- cr\r\ .. 

PROBLEM 2.52 

** ouu mm *" 


V 1 

250 mm 

Two cables are tied together at C and loaded as shown. 
B Determine the range of values of P for which both cables 

remain taut. 

C 

Q = 4 

t80N 
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PROBLEM 2.53 

A sailor is being rescued using a boatswain’s chair that is 
suspended from a pulley that can roll freely on the support 
cable ACB and is pulled at a constant speed by cable CD. 
Knowing that a = 30° and /i = 10° and that the combined 
weight of the boatswain’s chair and the sailor is 900 N, 
determine the tension (a) in the support cable ACB, (b) in the 
traction cable CD. 


SOLUTION 






Free-Body Diagram 





Ta.c.b 





^ 




V 

V * 




> 

' OO td 



^F x =0: 

T ACB cos 10° - T acb cos 30° - T cd cos 30° = 0 




T cd = 0.137158F ACg 

(1) 


+tEF v =0: 

T acb sin 10° + T acb sin 30° + T CD sin 30° - 900 = 0 




0.61365T ACB +0.5T CD = 900 

(2) 

(a) 

Substitute (1) into (2): 0.67365 T ACB + 0.5(0. 1371 58 T ACB ) = 900 



Acs = 1212.56 N 


Acs = 1213 N ◄ 

(b) 

From (1): T CD = 0.137158(1212.56 N) 

T cd =166.3 N ◄ 
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PROBLEM 2.54 

A sailor is being rescued using a boatswain’s chair that is 
suspended from a pulley that can roll freely on the support 
cable ACB and is pulled at a constant speed by cable CD. 
Knowing that a- 25° and j5- 15° and that the tension in 
cable CD is 80 N, determine (a) the combined weight of the 
boatswain’s chair and the sailor, ( b ) in tension in the support 
cable ACB. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


56 






SOLUTION 


Resolving the forces into x- and y-directions: 

R = P + Q + F a +F b =0 

Substituting components: R = -(500 lb)j + [(650 lb) cos50°]i 

-[(650 lb) sin 50°]j 

+ F b i - (F a cos 50°)i + (F a sin 50°)j = 0 
In the y-direction (one unknown force): 

-500 lb - (650 lb) sin 50° + F A sin 50° = 0 


Thus, 


500 lb + (650 lb) sin 50° 
sin 50° 


= 1302.70 lb 


Free-Body Diagram 



F a =1303 lb ◄ 


In the x-direction: (650 lb) cos 50° + F B — F A cos 50° = 0 

Thus, F b = F a cos50°- (650 lb)cos50° 

= (1 302.70 lb) cos 50° - (650 lb) cos 50° 

= 419.55 lb F b = 4201b ◄ 
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SOLUTION 


Resolving the forces into x- and y-directions: 

R = P + Q + F a + F^ = 0 

Substituting components: R = — Pj + Q cos 50°i - Q sin 50° j 

-[(750 lb) cos 50°]i 
+ [(750 lb) sin 50°] j + (400 lb)i 

In the x-di recti on (one unknown force): 

Q cos 50° - [(750 lb) cos 50°] + 400 lb = 0 

(750 lb) cos 50° -400 lb 
cos 50° 

= 127.710 lb 

In the y-direction: -P - Q sin 50° + (750 lb) sin 50° = 0 


Free-Body Diagram 



P = -Q sin 50° + (750 lb) sin 50° 

= -(127.7 10 lb) sin 50° + (750 lb) sin 50° 

= 476.70 lb P - All lb; Q = 127.7 lb ◄ 
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PROBLEM 2.57 

Two cables tied together at C are loaded as shown. Knowing that 
the maximum allowable tension in each cable is 800 N, determine 

(a) the magnitude of the largest force P that can be applied at C, 

(b) the corresponding value of a. 


SOLUTION 




Free-Body Diagram: C 

Force Triangle 



T 8t -60 on 



1^= &OON 

V 

so \ 

Joe 


f\ se " 


p 

° * \ 

V \ 

- 1 

[ 



860 

4 


^ p 



Force triangle is isosceles with 

o 

m 

oo 

1 

o 

O 

OO 

II 

<N 




P = 47.5° 



(a) 

P = 2(800 N)cos 47.5° 

= 1081 N 


Since P> 0, the solution is correct. 


P = 1081 N ◄ 

( b ) 

a-l 80° - 50° - 47.5° 

= 82.5° 

a -82.5° ◄ 
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PROBLEM 2.58 

Two cables tied together at C are loaded as shown. Knowing that 
the maximum allowable tension is 1200 N in cable AC and 600 N 
in cable BC, determine (a) the magnitude of the largest force P 
that can be applied at C, ( b ) the corresponding value of a. 


SOLUTION 


Free-Body Diagram Force Triangle 



(a) Law of cosines: P 2 = (1200 N) 2 + (600 N) 2 - 2(1200 N)(600 N)cos 85° 

P = 1294.02 N 

Since P > 1200 N, the solution is correct. 

P - 1294 N ◄ 

( b ) Law of sines: 

sin P _ sin 85° 

1200 N ~ 1294.02 N 
p = 67.5° 

a = 180° - 50° - 67.5° a = 62.5° ◄ 
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yf\ 

iA 

PROBLEM 2.59 


/ 

C 

5° 

For the situation described in Figure P2.45, determine (a) the 
value of a for which the tension in rope BC is as small as 
possible, (b) the corresponding value of the tension. 

L ' 


oo d 

1200 lb B V 

PROBLEM 2.45 Knowing that a = 20°, determine the tension 
(a) in cable AC, ( b ) in rope BC. 


SOLUTION 



Free-Body Diagram Force Triangle 


\ 


V 

K.(MOV\JN \ _ 

V 

Ooiecn uio 


\ 



of 

U- V 




►- 


A 

ie>c 

1 1200 lb 


- \ 2.00 lb 


To be smallest, T BC must be perpendicular to the direction of T AC . 


(a) Thus, 

o 

m 

II 

$ 

a = 5.00° ◄ 

( b ) 

T bc =(1200 lb) sin 5° 

T bc = 104.6 lb ◄ 
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PROBLEM 2.60 

For the structure and loading of Problem 2.46, determine (a) the value of a for 
which the tension in cable BC is as small as possible, (b) the corresponding 
value of the tension. 


SOLUTION 



T bc must be perpendicular to F AC to be as small as possible. 


Free-Body Diagram: C Force Triangle is a right triangle 

Tec. i 

c cL-j 

30° /^ c "NT 


X 

7 V s 

\ 

\ 


\ 30olt>X^ 


20 ° 

\ 300 lb ^ 

7 

To be a minimum, T BC must be perpendicular to F AC . 


(a) We observe: 

O 

O 

CO 

1 

0 

0 

G\ 

II 

$ 

a = 60.0° ◄ 

(b) 

T bc = ( 300 lb) sin 50° 


or 

T bc = 229.81 lb 

T bc = 2301b ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


62 
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PROBLEM 2.61 

For the cables of Problem 2.48, it is known that the maximum 
allowable tension is 600 N in cable AC and 750 N in cable BC. 
Determine (a) the maximum force P that can be applied at C, 
(b) the corresponding value of a. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


63 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


64 






PROBLEM 2.63 

Collar A is connected as shown to a 50-lb load and can slide on 
a frictionless horizontal rod. Determine the magnitude of the 
force P required to maintain the equilibrium of the collar when 
(a) x = 4.5 in., ( b ) x = 15 in. 
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PROBLEM 2.64 

Collar A is connected as shown to a 50-lb load and can slide on a 
frictionless horizontal rod. Determine the distance x for which the 
collar is in equilibrium when P - 48 lb. 
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PROBLEM 2.65 

Three forces are applied to a bracket as shown. The directions of the two 150-N 
forces may vary, but the angle between these forces is always 50°. Determine the 
range of values of a for which the magnitude of the resultant of the forces acting at A 
is less than 600 N. 
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0.75 m 



PROBLEM 2.66 

A 200-kg crate is to be supported by the rope-and-pulley arrangement shown. 
Determine the magnitude and direction of the force P that must be exerted on the free 
end of the rope to maintain equilibrium. (Hint: The tension in the rope is the same on 
each side of a simple pulley. This can be proved by the methods of Ch. 4.) 


SOLUTION 

Free-Body Diagram: Pulley A 



+ 


ZF= 0: -IP 


V 28 l 


+ Pcosa- 0 


coset = 0.59655 
a = ±53.377° 
For a = +53.377°: 


+ 


' ZF=0: 2 P 


16 


V28l 


For a = -53.377°: 


h) XF y = 0: 2 P 


16 

V 28 l 


+ Psin53.377° - 1962 N = 0 

P = 724 N 53.4° ◄ 

+ Psin(-53.377°) - 1962 N = 0 

P = 1773 53.4° ◄ 
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(a) (b) (c) (d) (e) 


PROBLEM 2.67 

A 600-lb crate is supported by several rope-and- 
pulley arrangements as shown. Determine for each 
arrangement the tension in the rope. (See the hint 
for Problem 2.66.) 
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PROBLEM 2.68 

Solve Parts b and d of Problem 2.67, assuming that 
the free end of the rope is attached to the crate. 

PROBLEM 2.67 A 600-lb crate is supported by 
several rope-and-pulley arrangements as shown. 
Determine for each arrangement the tension in the 
rope. (See the hint for Problem 2.66.) 


SOLUTION 

Free-Body Diagram of Pulley and Crate 


( b ) 


(d) 



+1 ZF y = 0: 3r-(6001b) = 0 

r = i(600 lb) 


+|ZF y =0: 4r-(6001b) = 0 

r = 1(600 lb) 


T = 2001b ◄ 


T = 150.0 lb ◄ 
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r — 


PROBLEM 2.69 

A load Q is applied to the pulley C, which can roll on the 

D 

55 °?y^L 

L 

cable ACB. The pulley is held in the position shown by a 



second cable CAD, which passes over the pulley A and 
supports a load P. Knowing that P - 750 N, determine 
(a) the tension in cable ACB, ( b ) the magnitude of load Q. 
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1 



PROBLEM 2.70 

An 1 800-N load Q is applied to the pulley C, which can roll 

D 


L 

on the cable ACB. The pulley is held in the position shown 


L r 


by a second cable CAD, which passes over the pulley A and 
supports a load P. Determine (a) the tension in cable ACB, 
(b) the magnitude of load P. 


SOLUTION 

Free-Body Diagram: Pulley C 


P 

3 

-±~ZF V = 0: T acb (cos 25° - cos 55°) - Pcos 55° = 0 
or P = 0.58010r Aaj (1) 

Jac 6 \\ 

Tacs 

+\u? y = 0: r ACS (sin25 o + sin55 o ) + Psin55°-1800 N = 0 


A 

or 1.24177r ACB + 0.81915P = 1800N (2) 

y * 

’ /0OO/V 

(a) Substitute Equation (1) into Equation (2): 

1.24177r ACB +0.81915(0.58010r ACB ) = 1800 N 



Hence: T ACB = 1048.37 N 

T acb - 1048 N ◄ 

(b) Using (1), P = 0.58010(1048.37 N) = 608.16 N 

P = 608 N ◄ 
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PROBLEM 2.71 

Determine (a) the x, y, and z components of the 900-N force, (b) the 
angles 9 X , 9 V , and 9 that the force forms with the coordinate axes. 


SOLUTION 


F h = F cos 65° 

= (900 N) cos 65 c 
F h = 380.36 N 


F x = F h sin 20° 

= (380.36 N) sin 20° 


/==?OON 



F = -130.091 N, 


F, = -130.1 N ◄ 


F y = F sin 65° 

= (900 N)sin 65° 
F =+815.68 N, 


F, =+816 N ◄ 


F, = F h cos 20° 


= (380.36 N) cos 20° 


F, = +357.42 N 


F_ = +357 N ◄ 


„ F -130.091 N 

cos 9= — = 

x F 900 N 


9 r = 98.3° ◄ 


„ Fy +815.68 N 

cos 9 X - — = 

y F 900 N 


9= 25.0° ◄ 


_ F, +357.42 N 

cos 6, — — 

F 900 N 


9 _ = 66 . 6 ° ◄ 
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PROBLEM 2.72 

Determine (a) the x, y, and z components of the 750-N force, (b) the 
angles 0 X , 0, and 0 that the force forms with the coordinate axes. 


SOLUTION 


P- ISO H 


F h = Fsin 35° 

= (750 N) sin 35 c 
F , ; =430.18 N 


/=■" ^ 
_ h -~ 


F x = F h cos 25° 

= (430.18 N) cos 25 c 


F =+389.88 N, 


F, = +390 N ◄ 


F y -F cos 35° 

= (750 N) cos 35° 
F y = +614.36 N, 


F =+614N ◄ 


F z =F h sin 25° 

= (430.18 N) sin 25° 
F, =+181.802 N 


F_ =+181.8 N ◄ 


- F x +389.88 N 

cos 0 r = — = 

* F 750 N 


<9 = 58.7° ◄ 


„ F y +614.36 N 

cos 0 = — = 

y F 750 N 


d y = 35.0° ◄ 


_ F„ +181.802 N 

cos = — = 

F 750 N 


e_ = 76.0° ◄ 
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PROBLEM 2.73 

A gun is aimed at a point A located 35° east of north. Knowing that the barrel of the gun forms an angle of 40° 
with the horizontal and that the maximum recoil force is 400 N, determine (a) the x, y, and z components of 
that force, (b) the values of the angles 0 X , 0 y , and 6 Z defining the direction of the recoil force. (Assume that the 
x, y, and z axes are directed, respectively, east, up, and south.) 


SOLUTION 




Recoil force 

i 

F = 400 N 

: i 

^ x (North 


F h — (400 N) cos 40° 

/ / 


= 306.42 N 

Ay 

(c^ A sr 1 


/ 

Th 

7- 


C SOUTH ^ 



(a) 

F x = —F h sin 35° 




= -(306.42 N) sin 35° 




= -175.755 N 


F x = -175.8 N ◄ 


F y = -F sin 40° 




= -(400 N) sin 40° 
= -257.12 N 


F y = -257 N ◄ 


F z =+F h cos 35° 




= +(306.42 N) cos 35° 
= +251.00 N 


F_ - +251 N ◄ 

(b) 

„ F x -175.755 N 

cos d= — = 

F 400 N 


6 X =116.1° ◄ 


- F y -257.12 N 

cos 0 = — = 

y F 400 N 


G y = 130.0° ◄ 


_ F. 251.00 N 

cos 0, = — = 

F 400 N 


0, =51.1° ◄ 
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PROBLEM 2.74 

Solve Problem 2.73, assuming that point A is located 15° north of west and that the barrel of the gun forms an 
angle of 25° with the horizontal. 

PROBLEM 2.73 A gun is aimed at a point A located 35° east of north. Knowing that the barrel of the gun 
forms an angle of 40° with the horizontal and that the maximum recoil force is 400 N, determine (a) the x, y, 
and z components of that force, (b) the values of the angles 0 X , 9 y , and 0 Z defining the direction of the recoil 
force. (Assume that the x, y, and z axes are directed, respectively, east, up, and south.) 


SOLUTION 

\ 

l 3 

Recoil force 

F = 400 N 1 \ 

.-. F h — (400 N) cos 25° 1 \ 

(/JMTM) 


= 362.52 N 1 

s' 



s' 


* 

s' CCAtrr) 



*7- 


£ O Ouru) 


(a) 

F x -+F h cos 15° 



= +(362.52 N) cos 15° 



= +350.17 N 

F x = +350 N ◄ 


F y =-F sin 25° 



= -(400 N) sin 25° 
= -169.047 N 

F y =-169.0 N ◄ 


F, = +F h sin 15° 



= +(362.52 N)sinl5° 
= +93.827 N 

F z = +93.8 N ◄ 

(b) 

„ F +350.17 N 

cos G r = = 

■ r F 400 N 

9 X = 28.9° ◄ 


_ F y -169.047 N 

cos 9 = — = 

y F 400 N 

G y =115.0° ◄ 


„ F +93.827 N 

cos ^ - = 

F 400 N 

e_ = 76.4° ◄ 
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PROBLEM 2.75 

Cable AB is 65 ft long, and the tension in that cable is 3900 lb. 
Determine (a) the x, y, and z components of the force exerted 
by the cable on the anchor 5, ( b ) the angles O y , and 6 
defining the direction of that force. 
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SOLUTION 



In triangle A OB : 


AC = 70 ft 
OA = 56 ft 
F = 5250 lb 


cos G y 


56 ft 
70 ft 
36.870° 
F sin 0 y 


= (5250 lb) sin 36.870° 
= 3150.0 lb 


(a) F x = -F h sin 50° = -(3150.0 lb) sin 50° = -2413.04 lb 
F v = +F cos 6 y = +(5250 lb) cos 36.870° = +4200.0 lb 
F_ = -F h cos 50° = -3 150 cos 50° = -2024.8 lb 


(b) 


„ F -2413.041b 

cos G = — = 

* F 5250 lb 


From above: G y - 36.870° 


_ F, _ -2024.8 lb 
z ~ F ~ 5250 lb 


F x =-2413 lb ◄ 
F v = +4200 lb ◄ 
F, - -2025 lb ◄ 

G x =117.4° ◄ 

G y = 36.9° ◄ 

G z =112.7° ◄ 
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PROBLEM 2.78 

^ 1 

A 

The end of the coaxial cable AE is attached to the pole AB, which is 
strengthened by the guy wires AC and AD. Knowing that the tension 
in wire AD is 85 lb, determine (a) the components of the force 
exerted by this wire on the pole, (b) the angles 9 X , 6 y , and 0 Z that the 
force forms with the coordinate axes. 


36^ \ 


B 1 

\Ao° 


/ 


X 

t 

48° D 



SOLUTION 



(a) 

F x = (85 lb) sin 36° sin 48° 



= 37.129 lb 

F x =37.1 lb ◄ 


F v =-( 85 lb) cos 36° 



= -68.766 lb 

F v = - 68.81b ◄ 


F_ = (85 lb) sin 36° cos 48° 



= 33.431 lb 

F_ = 33.4 lb ◄ 

(b) 

„ F 37.1291b 

cos 9= — = 

x F 85 lb 

9 X =64.1° ◄ 


_ F y -68.766 lb 

cos 6t„ = — — = 

y F 85 lb 

9 y = 144.0° ◄ 


„ F, 33.431 1b 

cos U, = — = 

z F 85 lb 

9, = 66.8° ◄ 
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PROBLEM 2.79 

Determine the magnitude and direction of the force F = (690 lb)i + (300 lb)j - (580 lb)k. 


SOLUTION 

F = (690 N)i + (300 N) j - (580 N)k 

= 7(690 N) 2 + (300 N) 2 + (-580 N) 2 
= 950 N 

F = 950 N ◄ 


„ F 690 N 

cos 9= — = 

* F 950 N 

9 X = 43.4° ◄ 


„ F y 300 N 

cos 9 = — = 

y F 950 N 

9 y = 71.6° ◄ 


_ F, -580 N 

cos fcf = — = 

F 950 N 

9, =127.6° ◄ 
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PROBLEM 2.80 

Determine the magnitude and direction of the force F = (650 N)i - (320 N)j + (760 N)k. 


SOLUTION 

F = (650 N)i - (320 N)j + (760 N)k 



F = jH+F y 2 +F z 2 



= f 650 N) 2 + (-320 N) 2 + (760 N) 2 

F = 1050N ◄ 


„ F 650 N 

cos 9= — = 

v F 1050 N 

G x =51.8° ◄ 


_ F y -320 N 

cos 6(. = — — = 

y F 1050 N 

9 y = 107.7° ◄ 


„ F, 760 N 

cos 9. = — = 

z F 1050 N 

9 : = 43.6° ◄ 
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PROBLEM 2.81 

A force acts at the origin of a coordinate system in a direction defined by the angles 6 X — 75° and 9 Z = 130°. 
Knowing that the y component of the force is +300 lb, determine (a) the angle 9 y , (b) the other components 
and the magnitude of the force. 


SOLUTION 


cos 2 6 X + cos 2 0 y + cos 2 9.-1 
cos 2 (75°) + cos 2 9 V + cos 2 (1 30°) = 1 


cos 9 V =±0.72100 


(a) Since F v >0, we choose cos9 y =+0.72100 

.-. 9 y =43.9° ◄ 

(b) F y = F cos 9 y 


300 lb = F(0.72100) 


F = 416.09 lb 

F = 416 lb ◄ 

F x = F cos 9 X = 416.09 lb cos 75° 

F x = +107.7 lb ◄ 

F : = F cos 0 ; = 416.09 lb cos 130° 

F = -267 lb ◄ 
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PROBLEM 2.82 

A force acts at the origin of a coordinate system in a direction defined by the angles 0, — 55° and 6 Z = 45°. 
Knowing that the x component of the force is —500 N, determine (a) the angle 9 X , (b) the other components 
and the magnitude of the force. 


SOLUTION 


cos 2 9 X + cos 2 0 y + cos 2 9 _ = 1 


cos 2 9 X + cos 2 55° + cos 2 45° = 1 


cos 0 X =±0.41353 


(a) Since F v <0, we choose cos# t = —0.41353 

9 X = 1 1 4.4° ◄ 

C b ) F x - F cos 9 X 


-500 N = F(-0.41353) 


F = 1209.10 N 

F = 1209.1 N ◄ 

F y =Fcos9 y =1209.10 Ncos55° 

F y = +694 N ◄ 

F = F cos 0 = 1209.10 Ncos45° 

F_ = +855 N ◄ 

Z Z 

Z 
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PROBLEM 2.83 

A force F of magnitude 230 N acts at the origin of a coordinate system. Knowing that 9 X = 32.5°, F y — -60 N, 
and F z > 0, determine (a) the components F x and F z , (b) the angles 9 y and 0 Z . 


SOLUTION 



(a) We have 

F x = F cos 6 X — (230 N) cos 32.5° 

F x = -194.0 N ◄ 

Then: 

F x = 193.980 N 



F 2 = F 2 + F 2 + F 2 

x y z 


So: 

(230 N) 2 = (193.980 N) 2 + (-60 N) 2 + F 2 


Hence: 

F z = +7(230 N) 2 - (193.980 N) 2 - (-60 N) 2 

F, = 108.0 N ◄ 

(b) 

F, = 108.036 N 



cos 9 =F y = _6 ° N = 0.26087 
y F 230 N 

d y = l05.l O ^ 


„ F 108.036 N 

cos 9 _ = = = 0.46972 

" F 230 N 

9, = 62.0° ◄ 
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PROBLEM 2.84 

A force F of magnitude 210 N acts at the origin of a coordinate system. Knowing that F x = 80 N, 9, — 151.2°, 
and F y < 0, determine (a) the components F y and F z , (b) the angles 9 X and 9 X . 


SOLUTION 



(a) 

F, = Fcos9, = (210 N) cos 15 1.2° 



= -184.024 N 

F : = -184.0 N ◄ 

Then: 

F 2 = F 2 + F 2 + F 2 

x y z 


So: 

(210 N) 2 = (80 N) 2 + (Fy) 2 + (184.024 N) 2 


Hence: 

F y = -yj(2l0 N) 2 - (80 N) 2 - (184.024 N) 2 



= -61.929 N 

Fy = -62.0 lb ◄ 

(b) 

F 80 N 

cos e x = '= =0.38095 

F 210 N 

9 X = 67.6° ◄ 


cos 9 = Fy = 61-929 N = 0.29490 
y F 210 N 

0 y = 107.2° ◄ 
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» 28.8 ft 




45 ft 

36 ft -; 54 ft 




PROBLEM 2.85 

In order to move a wrecked truck, two cables are attached at A 
and pulled by winches B and C as shown. Knowing that the 
tension in cable AB is 2 kips, determine the components of the 
force exerted at A by the cable. 
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*** 28.8 ft 



< i ^><r 

'8 ft J U 36 ft 1 

A 




PROBLEM 2.86 

In order to move a wrecked truck, two cables are attached at A 
and pulled by winches B and C as shown. Knowing that the 
tension in cable AC is 1.5 kips, determine the components of 
the force exerted at A by the cable. 
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SOLUTION 

BA = -(900 mm)i + (600 mm)j + (360 mm)k 


BA = -\/(900 mm) 2 + (600 mm) 2 + (360 mm) 2 


= 1 140 mm 


S 

II 


= 7 ™ 
BA BA 


1425 N 

T ba = [-(900 mm)i + (600 mm) j + (360 mm)k] 

1140 mm 


= -(1 125 N)i + (750 N)j + (450 N)k 


(T ba ) x = -1 125 N, C r BA ) y = 750 N, (T BA ) Z = 450 N ◄ 
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SOLUTION 

CA = -(900 mm)i + (600 mm) j - (920 mm)k 


CA = -\/(900 mm) 2 + (600 mm) 2 + (920 mm) 2 


= 1420 mm 


Tta = Tca^ca 


-T 
04 CA 


2 no N 

T ca = 1 [-(900 mm)i + (600 mm)j - (920 mm)k] 

1420 mm 


= -(1350 N)i + (900 N)j - (1380 N)k 


(T ca ), = -1350 N, (T CA ) y = 900 N, (T CA ) Z = —1 380 N ◄ 
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SOLUTION 

DB = (480 mm)i - (510 mm)j + (320 mm)k 


DB = -y/(480 mm) 2 +(510 mm 2 ) + (320 mm) 2 


= 770 mm 


F = FX db 


= F™- 
DB 


_ 385 N [( 48 Q nim)i-(510 mm)j + (320 mm)k] 
770 mm 


= (240 N)i - (255 N)j + (160 N)k 


F x = +240 N, F v = -255 N, F, = +160.0 N ◄ 
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y 

t 

A 

Q 

PROBLEM 2.91 

p 

40° 

/x 


Find the magnitude and direction of the resultant of the two forces 
shown knowing that P = 600 N and Q = 450 N. 

/ 

W 

o 

X 


A 

3 25°/ 

7 





SOLUTION 

P = (600 N)[sin 40° sin 25°i + cos 40° j + sin 40° cos 25°k] 
= (162.992 N)i + (459.63 N)j+ (349.54 N)k 
Q = (450 N)[cos 55° cos 30°i + sin 55°j - cos 55° sin 30°k] 
= (223.53 N)i + (368.62 N)j - (129.055 N)k 

R = P + Q 



= (386.52 N)i + (828.25 N)j + (220.49 N)k 



R = 7(386.52 N) 2 + (828.25 N) 2 + (220.49 N) 2 



= 940.22 N 

R = 940 N ◄ 


„ R x 386.52 N 

cos 0 , = — = 

* R 940.22 N 

d x - 65.7° ◄ 


. R v 828.25 N 

cos = — - = 

y R 940.22 N 

6 y = 28.2° ◄ 


„ R, 220.49 N 

cos 0^ = — ^ = 

z R 940.22 N 

0 Z = 76.4° ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


93 





PROBLEM 2.92 

Find the magnitude and direction of the resultant of the two forces 
shown knowing that P = 450 N and Q = 600 N. 
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SOLUTION 


AB = (40 in.)i - (45 in.)j + (60 in.)k 

AB = f 40 in.) 2 + (45 in.) 2 + (60 in.) 2 = 85 in. 

AC = (100 in.)i - (45 in.)j + (60 in.)k 

AC = flOO in.) 2 + (45 in.) 2 + (60 in.) 2 = 125 in. 


AB 

Tab= t A bK B =T ab — ={ 4251b) 


(40 in.)i - (45 in.)j+(60 in.)k 


85 in. 


r AB = (200 lb)i - (225 lb)j + (300 lb)k 


AC 

^ac=T ac Kc=T ac — = (510 lb) 


(100 in.)i - (45 in.)j + (60 in.)k 


125 in. 


: (408 lb)i - (183.6 lb)j + (244.8 lb)k 


R = T ab + T AC = (608)i - (408.6 lb)j + (544.8 lb)k 


Then: 

R — 912.92 lb 

R = 913 lb 

and 

608 lb ,,, 

cos G y = = 0.66599 

' 912.921b 

e x =48.2° 


_ 408.61b 

cos 0 V = = -0.44757 

J 912.921b 

0 V =116.6° 


544.8 lb 

cos 0, = = 0.59677 

z 912.921b 

9 Z = 53.4° 
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SOLUTION 


AB : 
AB- 
AC- 
AC 


■ (40 in.)i - (45 in.)j+(60 in.)k 
: 7(40 in.) 2 + (45 in.) 2 + (60 in.) 2 = 85 in. 
(100 in.)i- (45 in.) j + (60 in.)k 
: 7(100 in.) 2 + (45 in.) 2 + (60 in.) 2 = 125 in. 


AB 


Tb ~ T A b \ ab ~ T ab ^ — (5 10 lb) 


(40 in.)i - (45 in.)j+(60 in.)k 


85 in. 


: (240 lb)i - (270 lb)j + (360 lb)k 


T = 

l AC 

T 

l AC 

R 


AC 

TacKc=T ac — = { 4251b) 


(100 in.)i — (45 in.)j + (60 in.)k 


125 in. 


: (340 lb)i - (153 lb)j + (204 lb)k 
: T ab + T ac = (580 lb)i - (423 lb)j + (564 lb)k 


Then: 

R = 912.92 lb 

R - 913 lb 

and 

5801b 

cos 0. = = 0.63532 

A 912.921b 

G x =50.6° 


n — 423 lb . , _ _ _ 

cos 6 V = = -0.46335 

v 912.92 lb 

6 y =117.6° 


cos# = 564 lb =0.61780 

4 (mmii. 

0 Z =51.8° 
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PROBLEM 2.95 



For the frame of Problem 2.89, determine the magnitude and 
direction of the resultant of the forces exerted by the cable at B 
knowing that the tension in the cable is 385 N. 

PROBLEM 2.89 A frame ABC is supported in part by cable 
DBE that passes through a frictionless ring at B. Knowing that 
the tension in the cable is 385 N, determine the components of 
the force exerted by the cable on the support at D. 


SOLUTION 


BD- 

BD 


-(480 mm)i + (510 mm)j - (320 mm)k 
7(480 mm) 2 + (510 mm) 2 + (320 mm) 2 = 770 mm 
BD 


: T B d^-BD ~ ^ BD 


BD 


(385 N) 


[-(480 mm)i + (510 mm)j- (320 mm)k] 


BE- 

BE- 

^be : 


(770 mm) 

= -(240 N)i + (255 N)j - (160 N)k 

: -(270 mm)i + (400 mm)j - (600 mm)k 

= 7(270 mm) 2 + (400 mm) 2 + (600 mm) 2 = 770 mm 

BE 


: ^be^be ~ Tbe 


BE 


(385 N) 


[-(270 mm)i + (400 mm)j - (600 mm)k] 


(770 mm) 

= -(135 N)i + (200 N)j - (300 N)k 

R = F bd + F B£ = -(375 N)i + (455 N)j - (460 N)k 


R = 

7(375 N) 2 + (455 N) 2 + (460 N) 2 = 747.83 N 

R — 748 N 

cos 0 X = 

-375 N 

6 X =120.1° 

747.83 N 

cos Q x = 

455 N 

<9 V =52.5° 

747.83 N 

cos 0 . = 

-460 N 

9, =128.0° 

1 AH 02 VT 
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SOLUTION 

T ab = -T ba (use results of Problem 2.87) 
(AA=+1125N (T AB ) y =-750N (T AB ) Z 

= -450 N 

A • 7( b 

1 


T ac = -T ca (use results of Problem 2.88) 





(7^), =+1350 N (T AC ) y =-900N (T AC ) Z 

= +1380 N 



Resultant: 

R x = ZF X = +1 125 + 1350 = +2475 N 

Z 


' x 


R y = = -750 - 900 = -1650 N 

R z = ZF z = -450 + 1 380 = + 930 N 


c 



r = ^r; + rI+r 2 z 





= f+2415) 2 + (-1650) 2 + (+930) 2 





= 3116.6 N 


R = 3120 N ◄ 


_ R x +2475 

cos 0, = — L = 

* R 3116.6 



Q x =37.4° ◄ 


a R y -1650 

v R 3116.6 



6> = 122.0° ◄ 

y 


. R. +930 

cos u_ = — = 

z R 3116.6 



e z =72.6° ◄ 
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PROBLEM 2.97 

The boom OA carries a load P and is supported by two cables 
as shown. Knowing that the tension in cable AB is 1 83 lb and 
that the resultant of the load P and of the forces exerted at A 
by the two cables must be directed along OA, determine the 
tension in cable AC. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


99 






PROBLEM 2.98 

For the boom and loading of Problem. 2.97, determine the 
magnitude of the load P. 

PROBLEM 2.97 The boom OA carries a load P and is 
supported by two cables as shown. Knowing that the tension 
in cable AB is 1 83 lb and that the resultant of the load P and 
of the forces exerted at A by the two cables must be directed 
along OA, determine the tension in cable AC. 


SOLUTION 

See Problem 2.97 . Since resultant must be directed along OA, i.e., the x-axis, we write 

R y = 0: = (87 lb) + ~^-T ac - P-0 

OJ 

T ac = 130.0 lb from Problem 2.97. 

Then (87 lb) +—(130.0 lb) -P = 0 P = 137.0 lb ◄ 
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SOLUTION 


Free-Body Diagram at A: 



The forces applied at A are: T AB ,T AC ,T AD , and W 

where W = Wj. To express the other forces in terms of the unit vectors i, j, k, we write 


and 


AB = -(450 mm)i + (600 mm)j A5 = 750mm 

AC = + (600 mm)j- (320 mm)k AC = 680 mm 

AD = + (500 mm)i + (600 mm)j + (360 mm)k AD = 860 mm 

AB „ (-450 mm)i + (600 mm)j 


T ab ~ T AB T AB ~ Tab 


AB 


= T, 


AB 


750 mm 


45 . 60 /' 


75 75 


J 


1 AB 


Tac ~ T ac T ac - T ac 


AC 


= T 


(600 mm)i - (320 mm)j 


AC AC 680 mm 

( 60 . 32, V 
J ^ \Tac 


Tad ~ T ad T ad — T AD 


AD 


= r 


68 68 

(500 mm)i + (600 mm)j + (360 mm)k 


AD ™ 860 mm 

^50 . 60 36 ^ 

86 86 86 J 
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PROBLEM 2.99 (Continued) 


Equilibrium condition'. "LF — 0: T Ag + T AC + T AD + W = 0 


Substituting the expressions obtained for Tab * Tac > and T A£) ; factoring i, j, and k; and equating each of the 
coefficients to zero gives the following equations: 


From i: 

-^T +—T -0 

75 ^ 86 ^ 

(1) 

From j : 

60 60 60 

75 ' Tab + !& Tac + 86 Tad ~ 

(2) 

From k: 

~—t ac +—t ad = 0 
68 86 

(3) 

Setting T ab 

= 6 kN in (1) and (2), and solving the resulting set of equations gives 



T ac =6.1920kN 
T ac = 5.5080 kN 

W = 13.98 kN ◄ 
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SOLUTION 


See Problem 2.99 for the figure and analysis leading to the following set of linear algebraic equations: 

-^T +—T -0 

15 AB 86 AD 

(1) 

60 60 60 

75 ' Tab + 1 & Tac + 1& Tad ~ 

(2) 

-—T ac +—T A d= 0 
68 86 

(3) 

Setting T ad = 4.3 kN into the above equations gives 


T ab =4.1667 kN 
T ac = 3.8250 kN 

W = 9.71 kN ◄ 
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PROBLEM 2.101 



•<**\ 


Three cables are used to tether a balloon as shown. Determine the 
vertical force P exerted by the balloon at A knowing that the tension 
in cable AD is 48 1 N. 


2.40 


SOLUTION 




2 2 


The forces applied at A are: T, /; , T AC , T AD , and P 

where P = Py To express the other forces in terms of the unit vectors i, j, k, we write 

AB = - (4.20 m)i- (5.60 m)j AB = 7.00 m 

AC = (2.40 m)i - (5.60 m)j + (4.20 m)k AC = 7.40 m 
AD = -(5.60 m)j - (3.30 m)k AD = 6.50 m 


Tab - T'ab \ ab ~ ^ab ~ ^ 

~AC 

T AC =T ac X ac =T ac — = (0.32432i - 0.75676j + 0.56757k)r A( 


Tau = T AD l AD =T ad — = (-0.86154J - 0.50769^7, 
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PROBLEM 2.101 (Continued) 


Equilibrium condition: ILF = 0: T u; + T u; + T U) + P\ = 0 

Substituting the expressions obtained for Tab * Xtc > and Tad and factoring i, j, and k: 

(~0.6T ab +0.32432r AC )i + (-0.8r Aii -0.75676r AC -0.86154r AZ , + P)j 
+ (0.56757 T ac - 0.50769r AD )k = 0 

Equating to zero the coefficients of i, j, k: 

-0.6r AB +0.32432r AC =0 
-0.8 T ab - 0.75676 T AC - 0.86154r AD + P = 0 
0.56757J ac - 0.50769 r AD = 0 

Setting T ad — 48 1 N in (2) and (3), and solving the resulting set of equations gives 

T ac = 430.26 N 
T ad = 232.57 N 


( 1 ) 

( 2 ) 

(3) 


P = 926 n| -4 
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PROBLEM 2.102 

Three cables are used to tether a balloon as shown. Knowing that the 
balloon exerts an 800-N vertical force at A, determine the tension in 
each cable. 


SOLUTION 

See Problem 2.101 for the figure and analysis leading to the linear algebraic Equations (1), (2), and (3). 

-0.6 T ab + 0.32432r AC =0 (1) 

-0.87^-0.756767^ -0.861547^ +P = 0 (2) 

0.56757T ac - 0.50769 T AD = 0 (3) 

From Eq. (1): T AB = 0.540537\, r 

From Eq. (3): T AD = 1 . 1 17957^ 

Substituting for T AB and T AD in terms of T AC into Eq. (2) gives 

-0. 8(0.5405 3T AC )-0.75676r AC - 0.86154(1. 117957’ AC ) + P = 0 

2.15237’ ac = P; 7 > = 800N 
T _ 800 N 
AC 2.1523 
= 371.69 N 

Substituting into expressions for T AB and T AD gives 

T AB =0.54053(371.69 N) 

T ad =1.11795(371.69 N) 

T ab - 201 N, T AC = 372 N, T AD = 416 N ◄ 
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PROBLEM 2.103 (Continued) 


Substituting the expressions obtained for Tab > T ac , and T ad and factoring i, j, and k: 

(-0.487^ +0.51948r AD )i + (0.8r AB +0.88235r AC + 0.11922T AD - W ) j 
+ (-0.36r AB +0.47059r AC - 035065T ad )k = 0 

Equating to zero the coefficients of i, j, k: 

-0.48r AB +0.51948r AO =0 
0.8 T ab + 0.88235 T AC + 0.11922T AD -W = 0 
-0.36 T ab + 0.47059E ac -035065T AD =0 

Substituting Tab = 750 lb in Equations (1), (2), and (3) and solving the resulting set of equations, using 
conventional algorithms for solving linear algebraic equations, gives: 

T ac = 1090. lib 

Tad = 693 lb W = 2100 lb ◄ 
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SOLUTION 

See Problem 2.103 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3) 
below: 

— 0.487’, /( + 0.5 19487’ /1 £ ) =0 

0.8 T ab + 0.88235 T AC + 0.11922T AD -IE =0 (2) 

-0.36 T ab + 0.47059r AC - 0.35065r AD = 0 (3) 

Substituting T AD — 616 lb in Equations (1), (2), and (3) above, and solving the resulting set of equations using 
conventional algorithms, gives: 

T ab = 667.67 lb 

T ac = 969.00 lb W = 1868 lb ◄ 
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SOLUTION 

See Problem 2.103 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3) 
below: 

-0.487^ + 0.519487^ =0 (1) 

O.ST ab + 0.88235 T AC + 0.77922T AD -W = 0 (2) 

-0.36 T ab + 0.47059 T AC - 0.35065 T AD = 0 (3) 

Substituting T AC — 544 lb in Equations (1), (2), and (3) above, and solving the resulting set of equations using 
conventional algorithms, gives: 

T ab = 374.27 lb 

T ad = 345.82 lb W = 1049 lb ◄ 
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SOLUTION 


See Problem 2.103 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3) 
below: 

-0.48T ab + 0.51948T ad = 0 

(1) 

0.8 T ab + 0.88235 T AC + 0.77922J AD - W = 0 

(2) 

-0.36 T ab + 0.47059r AC - 0.35065T AD = 0 

(3) 

Substituting W = 1600 lb in Equations (1), (2), and (3) above, and solving the resulting set of equations using 
conventional algorithms, gives 


Tab = 57Hb ◄ 


T ac = 830 lb ◄ 


T ad = 528 lb ◄ 
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PROBLEM 2.107 

Three cables are connected at A, where the forces P and Q are 
applied as shown. Knowing that Q- 0, find the value of P for 
which the tension in cable AD is 305 N. 


SOLUTION 


ZF a =0: 


Tab + Tac + T AD + P - 0 


where P = Pi 

AB = -(960 mm)i - (240 mm)j + (380 mm)k AB - 1060 mm 
AC = -(960 mm)i - (240 mm)j - (320 mm)k AC = 1040 mm 
AD = -(960 mm)i + (720 mm)j - (220 mm)k AD = 1220 mm 


Tab — - T ab 


AB 

AB 


= T a 


48. 12. 19, 

i jh k 

53 53 53 


AC „ ( 

12. 

3 . 

4 , ^ 

AC~ 1ac { 

I3 1 


"13 j 


Tac _ T ac Z ac — T ac 


Tad = T. n X An = N [(_ 96 q mm )j + (720 mm)j - (220 mm)k] 
1220 mm 

= -(240 N)i + (1 80 N) j - (55 N)k 


Substituting into ZF, = 0, factoring i, j, k, and setting each coefficient equal to (/) gives: 

48 1 2 

i: P = ^, + -r ic + 240N 


j: 


k: 


12 3 

— T AR +—T. r = 180 N 
53 AB 13 AC 


19, 


1 AB 


-T ac = 55 N 


53 13 

Solving the system of linear equations using conventional algorithms gives: 

T ab =446.71 N 
T ac =341.71 N 


( 1 ) 

(2) 

( 3 ) 

P = 960 N ◄ 
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PROBLEM 2.108 

Three cables are connected at A, where the forces P and Q are 
applied as shown. Knowing that P = 1200 N, determine the values 
of Q for which cable AD is taut. 


SOLUTION 


We assume that T AD = 0 and write 


IF a =0: T ab + T ac + <2j + (1200 N)i 


- 0 


AB = -(960 mm)i - (240 mm)j + (380 mm)k AB = 1060 mm 
AC = -(960 mm)i - (240 mm)j - (320 mm)k AC = 1040 mm 
AB _ 

53 53” 53 


Tab - T ab T ab ~ Tab 


Tac _ T ac k AC ~ T ac 


AB 

AC 

AC 


V 


f 


13 * 13 J 13 ' AC 


Substituting into XF A = 0, factoring i, j, k, and setting each coefficient equal to $ gives: 

AQ ] O 

i: -« r ^-T/Ac +1200N = ° 


J : 


k: 


12 3 

: t ar — + g = o 

53 13 


19, 


1 AB 


-t ac = o 


53 13 

Solving the resulting system of linear equations using conventional algorithms gives: 

T ab = 605.71 N 
T ac = 705.71 N 
Q = 300.00 N 


( 1 ) 

(2) 

( 3 ) 


0 < Q < 300 N ◄ 


Note: This solution assumes that Q is directed upward as shown (Q > 0), if negative values of Q 
are considered, cable AD remains taut, but AC becomes slack for Q = -460 N. 
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PROBLEM 2.109 

A rectangular plate is supported by three cables as shown. 
Knowing that the tension in cable AC is 60 N, determine the 
weight of the plate. 


SOLUTION 

We note that the weight of the plate is equal in magnitude to the force P exerted by the support on Point A. 

Free Body A : 

Z.F = 0: T ab + T ac + T ad + Pj = 0 


l» 


We have: 


AB = -(320 mm)i - (480 mm)j + (360 mm)k AB = 680 mm 
AC = (450 mm)i - (480 mm)j + (360 mm)k AC = 750 mm 
AD = (250 mm)i - (480 mm)j - (360 mm)k AD = 650 mm 


Thus: 


Tab — T A b T ab ~ Tab 


AB f 8 . 12 9 

AB y 17 17 17 1 

AC 


AB 


Tad _ T ad h AD — T ad 


AD 

AD 


It 

1 J K l 1 AD 


13 13 


13 


Substituting into the Eq. ~LF = 0 and factoring i, j, k: 


4 8 5 

T ls + 0.6T ac h T i 


17 


13 


+ 


+ 


12. 


9.6. 


0.64T ac ^T ad +P |j 
^-T A b+0A8T ac -^=-T ad |k =0 



Tac - T ac ~k AC - T ac ^ - (0.6i 0.64j + 0.48k ) T AC 
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PROBLEM 2.111 (Continued) 


Setting the coefficients of i, j, k, equal to zero: 

j ——T +—T +—T -0 

1 rj 1 AB ^ 1 AC ^ 11 1 AD - U 

6 18 9 

J ■ ^ T A b 23 ^ AC y y ^ AD + ^ ~ 0 

, 2 13 r _^_ T -n 

K rj 1 AB + n ^ 1 Ac yy 1 ^-' 3 

Set T ab = 630 lb in Eqs. (1) - (3): 

-270 lb + ~ Tac + ~ Tad ~ 0 

-54oib-^r AC -^r AD + J p = o 

i80ib + ^r AC -Ar AD=0 

Solving, T ac = 467.42 lb T AD =814.35 lb P = 1572.10 lb 


( 1 ) 

(2) 

( 3 ) 

(10 

(20 

(30 

P = 1572 lb ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


118 




PROBLEM 2.112 

A transmission tower is held by three guy wires attached to a 
pin at A and anchored by bolts at B, C, and D. If the tension in 
wire AC is 920 lb, determine the vertical force P exerted by the 
tower on the pin at A. 


SOLUTION 


See Problem 2.111 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3) 
below: 

7 Afi + ^ T AC + | | T AD - 0 

(1) 

~ t ab~ t ac~ t ad+ p = 0 

( 2 ) 

y T AB+^ r AC-^ T AD=0 

( 3 ) 

Substituting for T AC =920 lb in Equations (1), (2), and (3) above and solving the resulting set of equations 
using conventional algorithms gives: 

~y T AB + 240 lb + ^T ad = 0 

(10 

~ t ab ~ 720 lb - + P = 0 

(20 

|r AB +520ib-Ar AD =0 

(30 

Solving, T ab = 1240.00 lb 

T ad = 1602.86 lb 


p = 3094.3 lb 

P = 3090 lb ◄ 
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/ 


y 

PROBLEM 2.113 

In trying to move across a slippery icy surface, a 1 80-lb man uses two 

8 ft f 

X" 

\\ 

— * ropes AB and AC. Knowing that the force exerted on the man by the 



\l2(t> 

icy surface is perpendicular to that surface, determine the tension in 

16 ft 

i- 


^32ft<^V% 

each rope. 


^30 ft 

"H 
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PROBLEM 2.113 (Continued) 


Substituting the expressions obtained for T Ag ,T AC ,N, and W; factoring i, j, and k; and equating each of the 
coefficients to zero gives the following equations: 


From i: 

: t ab -— t ac +— n = o 

25 19 c 34 

(1) 

From j : 

12 10 30 

yg r AB + -^ t ac + — V - (180 lb) = 0 

(2) 

From k: 

—Tab~— T ac = 0 
25 19 c 

(3) 


Solving the resulting set of equations gives: 


T ab = 31.7 lb; T ac = 64.3 lb ◄ 
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PROBLEM 2.114 

Solve Problem 2.113, assuming that a friend is helping the man 
at A by pulling on him with a force P = —(60 lb)k. 

PROBLEM 2.113 In trying to move across a slippery icy surface, 
a 180-lb man uses two ropes AB and AC. Knowing that the force 
exerted on the man by the icy surface is perpendicular to that 
surface, determine the tension in each rope. 


SOLUTION 


Refer to Problem 2.113 for the figure and analysis leading to the following set of equations, Equation (3) 
being modified to include the additional force P = (-60 lb)k. 

- — Tab-—T ac +—N = 0 

25 19 c 34 

(1) 

12 10 30 

— T ar +— T ac +— IV - (180 lb) = 0 
25 19 AC 34 

(2) 

—T ar ~—T ( 60 lb) = 0 

25 AS 19 AC 

(3) 

Solving the resulting set of equations simultaneously gives: 

t ab- 99.01b ◄ 


r AC = 10.55 lb ◄ 
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SOLUTION 


See Problem 2.109 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and 
(3) below. Setting P = 792 N gives: 

Yl Tab + 0-6T ac + ^ T AD — 0 

(1) 

~ T ab~ 0MT ac - ^T AD + 792 N = 0 

(2) 

-pj T AB + o.48r AC - ^|t ad = o 

(3) 

Solving Equations (1), (2), and (3) by conventional algorithms gives 


T ab =510.00 N 

T ab =510 N ◄ 

T ac = 56.250 N 

T ac = 56.2 N ◄ 

T ad = 536.25 N 

T ad = 536 N ◄ 
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SOLUTION 


Where 


IF a -0: T ab +T ac +T ad + P + Q-0 
P = Pi and Q = <2j 


AB = -(960 mm)i - (240 mm)j + (380 mm)k 
AC = -(960 mm)i - (240 mm)j - (320 mm)k 
AD = -(960 mm)i + (720 mm)j - (220 mm)k 


AB = 1060 mm 
AC = 1040 mm 
AD = 1220 mm 


AB 


AC 


1 AB ^ AB 


1 AC ''■AC 



AB _ 


48. 

12 . 

19, 

= T 

1 AB 

AB ~ 

Tab 1 

53 1 

“« J + 

— k 

53 


AC 


( 12. 

, 3 . 

4 , 

- ^ 

II 

AC" 

" Tac | 

1 

v 13 


— k 
13 


AD 


f 48 

. 36 . 

11, 

= 7 

1 AD 

AD ' 

" T AD 

hr 

1H 1- 

61 

1. 

61 


Substituting into XF 4 = 0, setting P = (2880 N)i and Q - 0, and setting the coefficients of i, j, k equal to 0, 
we obtain the following three equilibrium equations: 

48 12 48 

i: -—T ab --T ac -—T ad + 2880 N = 0 (1) 

53 13 61 

12 3 36 _ n 

J ■ rn Tab . t T AC + T ad - 0 (2) 

53 13 61 

19 4 11 

k: —T ab -—T ac - T7 T ad = 0 ( 3 ) 

53 13 61 
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PROBLEM 2.116 (Continued) 


Solving the system of linear equations using conventional algorithms gives: 

T ab = 1340.14 N 
r AC = 1025.12 N 

T ad = 915.03 N T ab = 1340 N ◄ 

T ac = 1025 N ◄ 
Tad =915 N ◄ 
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PROBLEM 2.117 

For the cable system of Problems 2.107 and 2.108, determine the 
tension in each cable knowing that P = 2880 N and Q = 576 N. 


SOLUTION 

See Problem 2.1 16 for the analysis leading to the linear algebraic Equations (1), (2), and (3) below: 

_48 _12 _48 

53 AB 13 AC 61 AD 

(1) 

~—T — —T +—T +Q~ 0 

53 AB 13 AC 61 AD ^ 

( 2 ) 

-± T _ii r -o 

53 AB 13 AC 6l AD ~ 

( 3 ) 

Setting P = 2880N and <2 = 576N gives: 

48 12 48 

T ab T ac T ad + 2880 N = 0 

53 13 61 

(O 

4 Ac + ^ T ad + 576 N = 0 
53 13 61 

(20 

!2 r _A r _ii r -o 

53 AB 13 AC 6l AD ~ 

(30 

Solving the resulting set of equations using conventional algorithms gives: 

T ab =1431.00 N 
T ac = 1560.00 N 
T ad =183.010 N 

T ab =1431N ◄ 


T ac = 1560 N ◄ 
T ad =183.0 N ◄ 
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SOLUTION 

See Problem 2.1 16 for the analysis leading to the linear algebraic Equations (1), (2), and (3) below: 

: t ab - — : t ac - — : t ad + p = o 

53 13 61 

(1) 

-—T -—T +—T +0-0 

53 AB 13 AC 61 AD ^ 

( 2 ) 

l ± T -±T ~—T -0 

53 AB 13 AC 61 AD 

( 3 ) 

Setting P = 2880 N and Q = -576 N gives: 

48 12 48 

-—Tab ~^ T ac- f AD + 2880 N = 0 
53 13 61 

(10 

~~;T ah -^-T ac + ~T ad - 576 N = 0 
53 13 61 

(20 

-± T -—t =o 

53 AB 13 AC 61 AD 

(30 

Solving the resulting set of equations using conventional algorithms gives: 

T ab = 1249.29 N 
T ac =490.31 N 
T ad = 1646.97 N 

T ab = 1249 N ◄ 


T ac = 490 N ◄ 
Tad ~ 1647 N ◄ 
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PROBLEM 2.119 

For the transmission tower of Problems 2.111 and 2.112, determine 
the tension in each guy wire knowing that the tower exerts on the 
pin at A an upward vertical force of 2100 lb. 


SOLUTION 


See Problem 2.1 1 1 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and 

(3) below: 


-yT AB + ~r AC + — t ad = 0 

(1) 

~1 Tab ~% Tac ~H Tad + p=q 

( 2 ) 

f^+^ AC -Ar AD=0 

( 3 ) 

Substituting for P -2\ 00 lb in Equations (1), (2), and (3) above and solving the resulting set of equations 

using conventional algorithms gives: 


~yT AB + — T ac + —T ad ~ ® 

(O 

-yT AB -^T AC -^T AD+ 2100 lb = 0 

(20 

— T +—T — —T -0 

rj 1 AB ' ^ ^ J AC \\ AD 

(30 

T ab =841.55 lb 
T ac = 624.38 lb 
T A d — 1087.81 lb 

T ab = 842 lb ◄ 


T ac = 624 lb ◄ 


T A D = 1088 lb ◄ 
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y 


PROBLEM 2.120 


7 

A horizontal circular plate weighing 60 lb is suspended as shown from 

D| 


three wires that are attached to a support at D and form 30° angles with 
the vertical. Determine the tension in each wire. 


C 



jK^/60° Jj 


b 




-i 

.1 
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y 

PROBLEM 2.121 

17.5 in. 

S' 

^45 in. 

Cable BAC passes through a frictionless ring A and is attached to 



fixed supports at B and C, while cables AD and AE are both tied 

25 in.^^V^ 


to the ring and are attached, respectively, to supports at D and E. 



D Knowing that a 200-lb vertical load P is applied to ring A, 


/ 

determine the tension in each of the three cables. 

\ 

\ 

I 

f 80 in. 

60 in. 
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PROBLEM 2.121 (Continued) 


Substituting into EF A = 0, setting P = (-200 lb)j, and setting the coefficients of i, j, k equal to <p, we obtain 
the following three equilibrium equations: 


From 


From 


From 


J : 


+ ! t -o 

62.5 bac 5 ad 


^ + I r - + f r - + f r -- 2001b = ° 


25 3 

k: -T bac ~-T ae = 0 
65 5 


( 1 ) 

(2) 

( 3 ) 


Solving the system of linear equations using convential acgorithms gives: 

T B ac ~ 76.7 lb; r AD =26.91b; T A£ =49.21b ◄ 
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y 


PROBLEM 2.122 

17.5 in. 

S' 

45 in. 





S' 

s' 

Knowing that the tension in cable AE of Prob. 2.121 is 75 lb. 

B 



£ 

determine (a) the magnitude of the load P, ( b ) the tension in 

25 

m 


cables BAC and AD. 





D 

PROBLEM 2.121 Cable BAC passes through a frictionless ring A 


A1 




x and is attached to fixed supports at B and C, while cables AD and 



TA 



AE are both tied to the ring and are attached, respectively, to 



M 


60 

in - supports at D and E. Knowing that a 200-lb vertical load P is 






applied to ring A, determine the tension in each of the three 


1 

I 

L 80 in. 

i 


L cables. 


SOLUTION 


Refer to the solution to Problem 2.121 for the figure and analysis leading to the following set of equilibrium 
equations, Equation (2) being modified to include Pj as an unknown quantity: 


.n±T +-T -o 
62.5 BAC 5 AD 


60 60 


3 4 

H \T RAr H — T An H T A p — P = 0 

62.5 65 J BAC 5 5 


(1) 

(2) 


^T bac -\t ae = 0 (3) 

65 5 

Substituting for T AE - 75 lb and solving simultaneously gives: 


P = 305 lb; T hac = 1 1 7.0 lb; T An = 40.91b ◄ 
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PROBLEM 2.123 



A container of weight W is suspended from ring A. 
Cable BAC passes through the ring and is attached to 
fixed supports at B and C. Two forces P = Pi and 
Q=0k are applied to the ring to maintain the 
container in the position shown. Knowing that 
W = 376 N, determine P and Q. (Hint: The tension is 
the same in both portions of cable BAC.) 
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PROBLEM 2.123 (Continued) 


Data: 


W = 376 N 1 .7052 IT = 376 N T = 220.50 N 


0.59501(220.50 N ) = P 
0.134240(220.50 N ) = Q 


P - 131.2 N ◄ 
Q = 29.6 N ◄ 
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PROBLEM 2.124 

For the system of Problem 2.123, determine W and Q 
knowing that P = 164 N. 

PROBLEM 2.123 A container of weight W is suspended 
from ring A. Cable BAC passes through the ring and is 
attached to fixed supports at B and C. Two forces P - Pi 
and Q = (ik are applied to the ring to maintain the container 
in the position shown. Knowing that W — 376 N, determine 
P and Q. (Hint: The tension is the same in both portions of 
cable BAC.) 


SOLUTION 


Refer to Problem 2.123 for the figure and analysis resulting in Equations (1), (2), and (3) for P, W, and Q in 
terms of T below. Setting P = 164 N we have: 


Eq. (1): 

0.59501T = 164 N 

T = 275.63 N 

Eq. (2): 

1.70521(275.63 N ) = W 

W = 470 N ◄ 

Eq. (3): 

0.134240(275.63 N ) = Q 

£ = 37.0N ◄ 
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PROBLEM 2.125 

Collars A and B are connected by a 525-mm-long wire and can 
slide freely on frictionless rods. If a force P = (341 N)j is applied 
to collar A, determine (a) the tension in the wire when 
y = 155 mm, (b) the magnitude of the force Q required to 
maintain the equilibrium of the system. 


SOLUTION 

For both Problems 2.125 and 2.126: 


Free-Body Diagrams of Collars: 


( AB ) 2 = x 2 + y 2 + z 2 


Here 


or 


(0.525 m) 2 = (0.20 m) 2 + y 2 + z 2 


y 2 + z 2 = 0.23563 m 2 


Thus, when y given, z is determined, 


Now 


^AB 


\n 

AB 


1 


A -(0.20i-yj + zk)m 

0.525 m 

= 0.38095i - 1.90476 yj + 1.90476zk 
Where y and z are in units of meters, m. 

From the F.B. Diagram of collar A: XF = 0: N x i + M k + Pj + T ab A ab = 0 

Setting the j coefficient to zero gives P — (1 .90476 y)T AB = 0 

With P = 341 N 

341 N 


Par ~ 


Now, from the free body diagram of collar B: 
Setting the k coefficient to zero gives 

And using the above result for T AB , we have 


1. 90476 y 

XF = 0 : N x i + N y j + gk - T AB ). XB = 0 
Q ~ T ab (1 .90476z) = 0 


Q ~ Pab z 


(1. 90476) y 





341 N (341N)(z) 

-(l-90476z)^ 
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PROBLEM 2.126 

Solve Problem 2.125 assuming that y = 275 mm. 

PROBLEM 2.125 Collars A and B are connected by a 
525-mm-long wire and can slide freely on frictionless 
rods. If a force P = (341 N)j is applied to collar A, 
determine (a) the tension in the wire when y = 155 mm, 
( b ) the magnitude of the force Q required to maintain the 
equilibrium of the system. 


SOLUTION 

From the analysis of Problem 2.125, particularly the results: 


With y — 275 mm = 0.275 m, 

y 2 + z 2 = 0.23563 m 2 
T _ 341 N 
AB 1. 90476 y 
341 N 

Q= z 

y 

we obtain: 



z 2 = 0.23563 m 2 - (0.275 m) 2 
z = 0.40 m 


and 

(a) 

or 

T ab = 341 N = 651.00 

(1.90476X0.275 m) 

T ab - 651 N ◄ 

and 

( b ) 

_ 341 N(0.40 m) 


or 

(0.275 m) 

Q = 496 N ◄ 
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PROBLEM 2.127 


\\- a 1 k/A 

Two structural members A and B are bolted to a bracket as shown. Knowing 


\ UI 

that both members are in compression and that the force is 15 kN in 


\ 1 ° 

member A and 10 kN in member B, determine by trigonometry the 


M' 

m m I m 1 

magnitude and direction of the resultant of the forces applied to the bracket 



by members A and B. 


SOLUTION 


Using the force triangle and the laws of cosines and sines, 
we have y- 180° -(40° + 20°) 

= 120 ° 


Then 


and 


R 2 = (15 kN) 2 + (10 kN) 2 

-2(15 kN)(10 kN) cos 120° 
= 475 kN 2 
R = 21.794 kN 


10 kN _ 21.794 kN 

sincr sin 120° 

( 10 kN V 

siner = sin 120 

V 21.794 kN J 

= 0.39737 

a = 23.414 


Hence: 


(/) = a + 50° = 73.414 



R = 21.8 kNX 73.4° ◄ 
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PROBLEM 2.129 

Determine (a) the required tension in cable AC, knowing that the resultant 
of the three forces exerted at Point C of boom BC must be directed along 
BC, (b) the corresponding magnitude of the resultant. 
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200 kg 


PROBLEM 2.130 

Two cables are tied together at C and are loaded as shown. Determine the 
tension (a) in cable AC, (b) in cable BC. 
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PROBLEM 2.131 

A welded connection is in equilibrium under the action of the 
four forces shown. Knowing that F A — 8 kN and F ls - 1 6 kN, 
determine the magnitudes of the other two forces. 


SOLUTION 


With 


With Fa and F B as above: 


Free-Body Diagram of Connection 



F a = 8 kN 
Fg = 16 kN 

F c = ^(16kN)-^(8kN) 

XF= 0: ~F n +-Fg--F A =0 

° 5 s 5 A 

F d = |(16kN)-|(8 kN) 


F c = 6.40 kN ◄ 


F d = 4.80 kN ◄ 
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PROBLEM 2.132 

Two cables tied together at C are loaded as shown. Determine 
the range of values of Q for which the tension will not exceed 
60 lb in either cable. 
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PROBLEM 2.134 

A force acts at the origin of a coordinate system in a direction defined by the angles 9 X — 55° and 9 — 45°. 
Knowing that the x component of the force is —500 lb, determine (a) the angle 9 X , (b) the other components 
and the magnitude of the force. 


SOLUTION 


(a) 

We have 



(cos 9 X ) 2 + (cos 9 V ) 2 + (cos 6 , ) 2 = 1 => (cos 9 X ) 2 - 1 - (cos 9 X ) 2 - (cos 9, ) 2 



Since F x < 0, we must have cos 9 X < 0. 



Thus, taking the negative square root, from above, we have 



cos# v = — y/l-(cos55) 2 - (cos45) 2 =0.41353 

9 X =\ 14.4° ◄ 

(b) 

Then 



F = Fx ~ 500 lb =1209. 10 lb 
cos 9 X 0.41353 

F = 1209 lb ◄ 


and F y = Fcos9 y - (1209.10 lb)cos55° 

F y = 6941b ◄ 


F, = F cos 9, =(1209.10 lb) cos 45° 

F z = 855 lb ◄ 
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PROBLEM 2.135 

Find the magnitude and direction of the resultant of the two 
forces shown knowing that P = 300 N and Q = 400 N. 


SOLUTION 

P = (300 N)[-cos30°sinl5°i + sin 30°j + cos 30°cosl5°k] 
= - (67.243 N)i + (1 50 N) j + (250.95 N)k 
Q = (400 N)[cos50°cos20°i + sin50°j - cos50°sin20°k] 



= (400 N)[0.60402i + 0.76604j - 0.21985] 
= (241.61 N)i + (306.42 N)j - (87.939 N)k 



R = P + Q 



= (174.367 N)i + (456.42 N)j + (163.01 1 N)k 



R = 74.367 N) 2 + (456.42 N) 2 + (163.01 1 N) 2 



= 515.07 N 

/? = 515 N ◄ 


„ R x 174.367 N „ 

cos 9 = — = = 0.33853 

R 515.07 N 

9 X = 70.2° ◄ 


cos 9 = Ry = 456 ' 42 N =0.88613 
y R 515.07 N 

9 y = 27.6° ◄ 


_ R, 163.011 N 

cos6( =^^ = = 0.31648 

z R 515.07 N 

9 Z =71.5° ◄ 
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PROBLEM 2.136 

Three cables are used to tether a balloon as shown. Determine the 
vertical force P exerted by the balloon at A knowing that the 
tension in cable AC is 444 N. 


SOLUTION 


See Problem 2.101 for the figure and the analysis leading to the linear algebraic Equations (1), (2), 
and (3) below: 


-0.6T ab + 0.32432T ac =0 

(1) 

-0.8 T ab - 0.75676 T AC - 0.86154T AD + P = 0 

(2) 

0.56151T ac - 0.50769 T AD = 0 

(3) 

Substituting T AC — 444 N in Equations (1), (2), and (3) above, and solving the resulting set of 
equations using conventional algorithms gives 


Tab = 240 N 

T ad = 496.36 N P = 

956 N ◄ 
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PROBLEM 2.137 

Collars A and B are connected by a 25-in. -long wire and can slide 
freely on frictionless rods. If a 60-lb force Q is applied to collar B 
as shown, determine ( a ) the tension in the wire when 
x = 9 in., (b) the corresponding magnitude of the force P required 
to maintain the equilibrium of the system. 
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PROBLEM 2.138 

Collars A and B are connected by a 25-in. -long wire and can slide 
freely on frictionless rods. Determine the distances x and z for 
which the equilibrium of the system is maintained when P - 120 lb 
and Q- 60 lb. 


SOLUTION 

See Problem 2.137 for the diagrams and analysis leading to Equations (1) and (2) below: 


p= TabX = 0 


(1) 

25 in. 

601b TabZ =0 


(2) 

25 in. 

For P - 120 lb, Eq. (1) yields T AB x — (25 in.)(20 lb) 


(O 

From Eq. (2): T AB z = (25 in.)(60 lb) 


(20 

Dividing Eq. (E) by (2'), - = 2 

z 


(3) 

Now write x 2 + z 2 + (20 in.) 2 = (25 in.) 2 


(4) 

Solving (3) and (4) simultaneously, 

\z + z 2 + 400 = 625 
z 2 =45 
z = 6.7082 in. 

From Eq. (3): x — 2 z — 2(6.7082 in.) 

= 13.4164 in. 

x = 13.42 in., 

z = 6.71 in. A 
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PROBLEM 2F1 

Two cables are tied together at C and loaded as shown. Draw the free- 
body diagram needed to determine the tension in AC and BC. 


SOLUTION 


Free-Body Diagram of Point C: 

J *cV 7 


\30° 



t \ s /4o° * 


\l B c 

> 

' Zoo lb 
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PROBLEM 2.F2 

A chairlift has been stopped in the position 
shown. Knowing that each chair weighs 250 N 
and that the skier in chair E weighs 765 N, draw 
the free-body diagrams needed to determine the 
weight of the skier in chair F. 


SOLUTION 

Free-Body Diagram of Point B: 



Free-Body Diagram of Point C: 


T 



G cd = tan -1 — = 10.3889° 

6 

Use this free body to determine T CD and W p. 
Then weight of skier Ws is found by 


W S =W F - 250 N ◄ 
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PROBLEM 2.F3 

Two cables are tied together at A and loaded as shown. Draw the free- 
body diagram needed to determine the tension in each cable. 


SOLUTION 


Free-Body Diagram of Point A: 

Y 

7 h 

£4o Kj 


r , 

A 

> 

T * 

-Ac 

f 

f 

^60 M 
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PROBLEM 2.F4 

The 60-lb collar A can slide on a frictionless vertical rod and is connected 
as shown to a 65 -lb counterweight C. Draw the free-body diagram needed 
to determine the value of h for which the system is in equilibrium. 


SOLUTION 


Free-Body Diagram of Point A: 

X 

> \b 

/ 


A* 

A 

v * 

r 

H 

X 

> 

1 C=,0 lb 
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PROBLEM 2.F5 

A 36-lb triangular plate is supported by three cables as shown. Draw the 
free-body diagram needed to determine the tension in each wire. 


SOLUTION 


Free-Body Diagram of Point D : 
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PROBLEM 2.F6 

A 70-kg cylinder is supported by two cables AC and BC, which are 
attached to the top of vertical posts. A horizontal force P, 
perpendicular to the plane containing the posts, holds the cylinder in 
the position shown. Draw the free-body diagram needed to 
determine the magnitude of P and the force in each cable. 


SOLUTION 


Free-Body Diagram of Point C: 



= 686.7 N 
W = -(686.7 N)j 
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PROBLEM 2.F8 

A 100-kg container is suspended from ring A, to 
which cables AC and AE are attached. A force P is 
applied to end F of a third cable that passes over a 
pulley at B and through ring A and then is attached 
to a support at D. Draw the free-body diagram 
needed to determine the magnitude of P. (Hint: The 
tension is the same in all portions of cable FBAD.) 


SOLUTION 


Free-Body Diagram of Ring A: 



W = -(681 N)j 
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CHAPTER 3 
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PROBLEM 3.2 

A 20-lb force is applied to the control rod AB as shown. Knowing that the length of 
the rod is 9 in. and that a — 25°, determine the moment of the force about Point B by 
resolving the force into components along AB and in a direction perpendicular to AB. 


SOLUTION 

Free-Body Diagram of Rod AB: 

<3. 



0 = 90° -(65° -25°) 
= 50° 


Q = (20 lb) cos 50° 

= 12.8558 lb 
M b =Q(9 in.) 

- (12.8558 lb)(9 in.) 

= 11 5.702 lb-in. M B = 1 15.7 lb-in. J) ◄ 
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PROBLEM 3.4 

A crate of mass 80 kg is held in the position shown. Determine 

(a) the moment produced by the weight W of the crate about E. 

( b ) the smallest force applied at B that creates a moment of 
equal magnitude and opposite sense about E. 


SOLUTION 




A 



W 

(a) By definition, 

IV = mg = 80 kg(9.81 m/s 2 ) = 784.8 N 




t 

We have 

T.M e : M e = (784.8 N)(0.25 m) 



T~ 





M 

E =196.2 N m 


( b ) For the force at B to be the smallest, resulting in a moment (M E ) about E. the line of action of force F B 

must be perpendicular to the line connecting E to B. The sense of must be such that the force 
produces a counterclockwise moment about E. 


Note: 
We have 


and 


XM e : 



or 


F g = 199.0 N 59.5° ◄ 
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PROBLEM 3.5 

A crate of mass 80 kg is held in the position shown. Determine 

(a) the moment produced by the weight W of the crate about E, 

( b ) the smallest force applied at A that creates a moment of equal 
magnitude and opposite sense about E, (c) the magnitude, sense, 
and point of application on the bottom of the crate of the smallest 
vertical force that creates a moment of equal magnitude and 
opposite sense about E. 


SOLUTION 


|W 




H 




O.Z/S 


0,zs 

~T 


First note. . . 

IF = mg = (80 kg)(9.8 lm/s 2 ) = 784.8 N 


(a) We have 


M e = r H/E W = (0.25 m)(784.8 N) = 196.2 N • m 


or M £ =196.2 N-m)< 


( b ) 



For F,i to be minimum, it must be perpendicular to the line 
joining Points A and E. Then with F A directed as shown, 
we have (~M E ) = r A/E (F A ) mjn . 


Where r A/E = fo.35 m) 2 +(0.5 m) 2 = 0.61033 m 

then 196.2 N • m = (0.61033 m)(F A ) min 

or (F a ) nrin =321N 

Also tan^i- °' 35 m or ^ = 35.0° (F A ) min =321 N ^35.0° ◄ 

0.5 m 


(c) For F ve rii C ai to be minimum, the perpendicular distance from its line of action to Point E must be 
maximum. Thus, apply (F vert ,- ca /) irMn at Point D. and then 


( M E ) — r o/E (^vertical )mi n 

196.2 N • m = (0.85 m)(F vcmca; ) min 


or Vertical ) m in = 23 1 N ‘ at Point D ◄ 
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PROBLEM 3.6 

A 300-N force P is applied at Point A of the bell crank shown. 
(a) Compute the moment of the force P about O by resolving 
it into horizontal and vertical components, (b) Using the 
result of part (a), determine the perpendicular distance from 
O to the line of action of P. 


SOLUTION 





20° 

300 N 

A 

x = (0.2 m) cos 40° 
= 0.153209 m 
y - (0.2 m) sin 40° 


y 

/^A/o 

A 

= 0.128558 m 

/. r AI0 = (0.153209 m)i + (0.128558 m)j 


o' 





% 




(a) F x = (300 N) sin 30° 

= 150 N 

F v = (300 N) cos 30° 

= 259.81 N 

F = (150 N)i + (259.8 1 N)j 

M 0 ~ r AIO 

= (0. 153209i + 0. 128558j) mx(150i + 259.8 lj) N 
= (39.805k - 19.2837k) N-m 
= (20.521 N-m)k 

M 0 =20.5 N-m') ◄ 

(b) M 0 = Fd 

20.521 N-m = (300 N )(d) 
d = 0.068403 m 


d - 68.4 mm A 
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PROBLEM 3.7 

A 400-N force P is applied at Point A of the bell crank shown, (a) Compute 
the moment of the force P about O by resolving it into components along 
line OA and in a direction perpendicular to that line, (b) Determine the 
magnitude and direction of the smallest force Q applied at B that has the 
same moment as P about O. 


SOLUTION 

(a) Portion OA of crank: 


0 = 90° - 30° - 40° 

0 = 20 ° 

S = P sin 6> 

= (400 N) sin 20° 

= 136.81 N 
M 0 = r Q/A S 

= (0.2 m)(136.81 N) 
= 27.362 N-m 



M 0 = 27.4 N-m") ◄ 


( b ) Smallest force Q must be perpendicular to OB. 


Portion OB of crank: 



M 0 — y oibQ 
M 0 =(0.120 m )Q 
27.362 N-m = (0.120 m)Q 


Q = 228 N 742.0° ◄ 
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PROBLEM 3.8 


It is known that a vertical force of 200 lb is required to remove the nail 
at C from the board. As the nail first starts moving, determine (a) the 
moment about B of the force exerted on the nail, (b) the magnitude of 
the force P that creates the same moment about B if a - 10°, (c) the 
smallest force P that creates the same moment about B. 
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PROBLEM 3.9 

It is known that the connecting rod AB exerts on the crank BC a 500-lb force 
directed down and to the left along the centerline of AB. Determine the moment of 
the force about C. 
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B(Sr-4 

W 


1.68 in. 


PROBLEM 3.10 

It is known that the connecting rod AB exerts on the crank BC a 500-lb force directed 
down and to the left along the centerline of AB. Determine the moment of the force 
about C. 
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PROBLEM 3.11 

A winch puller AB is used to straighten a fence post. Knowing that the tension in cable BC is 1040 N and 
length d is 1 .90 m, determine the moment about D of the force exerted by the cable at C by resolving that 
force into horizontal and vertical components applied (a) at Point C, (b) at Point E. 



SOLUTION 


( a ) Slope of line: 


0.875 m _ 5 
1.90m + 0.2m 12 


T ABx =^(T ab ) 

= —(1040 N) 
13 

= 960 N 


T Af -iW0M^r_ft T 




V— ('040N) 

= 400 N 


M D = T ABx (°- 875 m ) - T ABy (°- 2 m ) 

= (960 N)(0.875 m) - (400 N)(0.2 m) 
= 760 N m 


or M D =760N-m > )4 


( b ) We have 


~ T ab . x ( y) + T abx ( x ) 

= (960 N)(0) + (400 N)(l .90 m) 
= 760 N-m 



« ’ T 


or M D =760N-m")4 
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PROBLEM 3.12 


It is known that a force with a moment of 960 N • m about D is required to straighten the fence post CD. If 
d — 2.80 m, determine the tension that must be developed in the cable of winch puller AB to create the 
required moment about Point D. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


172 





PROBLEM 3.13 

It is known that a force with a moment of 960 N • m about D is required to straighten the fence post CD. If the 
capacity of winch puller AB is 2400 N, determine the minimum value of distance d to create the specified 
moment about Point D. 
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120 mm 



PROBLEM 3.14 

A mechanic uses a piece of pipe AB as a lever when tightening an 
alternator belt. When he pushes down at A, a force of 485 N is 
exerted on the alternator at B. Determine the moment of that force 
about bolt C if its line of action passes through O. 


SOLUTION 


We have M c = r BIC xF g 

Noting the direction of the moment of each force component about C is 
clockwise, 

M C = xF Hy + y F Bx 

where x — 120 mm -65 mm = 55 mm 

y = 72 mm + 90 mm = 162 mm 

and F Bx = 65 -(485 N) = 325 N 

V(65) 2 +(72) 2 

F Bv = 12 =(485 N) = 360 N 

’ ^{65) 2 + (Ilf 

M c = (55 mm)(360 N) + (162)(325 N) 

= 72450 N-m 
= 72.450 N-m 


\ lO/v, 



^ O 


2- •"in ryy 


or M c =72.5 N-m ^ ◄ 
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SOLUTION 



Note: 

B = j3(cos pi + sin P j) 
B' = 5 (cos P i - sin P j) 
C = C(cos ai + sin a j) 


By definition, 

IBxCI = BCsin(a- P) 

(1) 


IB'xCI = j3C sin (« + /?) 

(2) 

Now 

B x C = B{ cos pi + sin /?j) x C(cos ai + sin a\) 



- BC( cos Psin a- sin P cos a) k 

(3) 

and 

B'xC = 5(cos pi - sin /?j) x C(cos ai + sin aj) 



= BC( cos P sin a + sin P cos a) k 

(4) 

Equating the magnitudes of BxC from Equations (1) and (3) yields: 



BC sin(ct - P)-BC (cos P sin a - sin P cos a) 

(5) 

Similarly, equating the magnitudes of B'xC from Equations (2) and (4) yields: 



BC sin(cr + P) — BC( cos P sin a + sin P cos a) 

(6) 

Adding Equations (5) and (6) gives: 



sin(cr - P) + sinlct + P) = 2 cos P sin a 



or sin ctcos P = ^sin{a + P) + ^sin{a- 

P) < 
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PROBLEM 3.16 


The vectors P and Q are two adjacent sides of a parallelogram. Determine the area of the parallelogram when 
(a) P = — ' 7i + 3j — 3k and Q = 2i + 2j + 5k, (b) P = 6i — 5j — 2k and Q = — 2i + 5j — k. 
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PROBLEM 3.17 


A plane contains the vectors A and B. Determine the unit vector normal to the plane when A and B are equal 
to, respectively, (a) i + 2j - 5k and 4i — 7j — 5k, (b) 3i - 3j + 2k and -2i + 6j — 4k. 
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PROBLEM 3.18 

A line passes through the Points (20 m, 16 m) and (-1 m, —4 m). Determine the perpendicular distance d from 
the line to the origin O of the system of coordinates. 


SOLUTION 


y 


b (20m | 1C. 

d AB 

= \j[20 m- (-1 m)] 2 +[16 m-(-4 m)] 2 
= 29 m 


r& s? 

Assume that a force F, or 

magnitude F(N), acts at Point A and is 

o 



directed from A to B. 

- r ^ 


- 

Then 

*1 

ll 

>> 

a* 

Co 

A 

(- A) 


where 

, r B -r A 

'MS — , 

a AB 





= ^(21i + 20j ) 




By definition, 

M 0 = lr A xFI = dF 




where 

r A = -(1 m)i - (4 m)j 




Then 

M 0 = [—(—1 m)i — (4 m)j]x-3— 

29 m 

[(21 m)i + (20 m)j] 



= ^[-(20)k + (84)k] 





f 64 

= — F k N-m 

[29 J 




Finally, 

f 64 ^ 

— F = d(F) 

[ 29 J 





. 64 

d - — m 
29 



d — 2.21 m ◄ 
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PROBLEM 3.19 


Determine the moment about the origin O of the force F = 4i — 3j + 5k that acts at a Point A. Assume that the 
position vector of A is (a) r = 2i + 3j — 4k, ( b ) r = -8i + 6j — 10k, (c) r = 8i — 6j + 5k. 
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PROBLEM 3.20 


Determine the moment about the origin O of the force F = 2i + 3j — 4k that acts at a Point A. Assume that the 
position vec tor of A is (a) r = 3i — 6j + 5k, (b) r = i — 4j - 2k, (c) r = 4i + 6j — 8k. 
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PROBLEM 3.24 


A precast concrete wall section is temporarily held by two 
cables as shown. Knowing that the tension in cable BD is 900 
N, determine the moment about Point O of the force exerted by 
the cable at B. 


X 
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SOLUTION 

We have 
where 


Then 


M/i - r C /A x F c 


r c/ a = (0.06 m)i + (0.075 m)j 
F c = -(200 N)cos 30° j + (200 N)sin 30°k 


M A = 200 


0.06 

0 


J 

0.075 
-cos 30° 


k 

0 

sin 30 c 


= 200 [(0.075 sin 30°)i - (0.06 sin 30°) j - (0.06 cos 30°)k] 


or M a = (7.50 N-m)i- (6.00 N-m)j- (10.39 N-m)k ◄ 
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PROBLEM 3.26 

The 6-m boom AB has a fixed end A. A steel cable is stretched from 
the free end B of the boom to a Point C located on the vertical wall. 
If the tension in the cable is 2.5 kN, determine the moment about A of 
the force exerted by the cable at B. 


SOLUTION 


First note 

d BC =f-6) 2 +( 2.4) 2 + (-4) 2 


= 7.6 m 

Then 

= -~~( _ 6i + 2.4j-4k) 
7.6 

We have 

= r B /a x T bc 

where 

r b/a = ( 6 m )i 

Then 

M A = (6 m)i x 2-5 kN ( 6i + 2.4j 4k) 
7.6 


or M A = (7.89 kN-m)j + (4.74 kN-m)k A 
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PROBLEM 3.27 

In Prob. 3.21, determine the perpendicular distance from point O to 
wire AE. 

PROBLEM 3.21 The wire AE is stretched between the corners A 
and E of a bent plate. Knowing that the tension in the wire is 435 N, 
determine the moment about O of the force exerted by the wire (a) on 
corner A, (b) on corner E. 


SOLUTION 


From the solution to Prob. 3.21 


M 0 = (28.8 N m)i + (16.20 N-m)j-(28.8 N-m)k 

M a = 7(28.8 ) 2 + (16.20) 2 + (28. 8) 2 
= 43.8329 N-m 

But M 0 = F A d or d - 

f a 

, 43.8329 N-m 

d = 

435 N 

= 0.100765 m 


d - 100.8 mm A 
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PROBLEM 3.28 

In Prob. 3.21, determine the perpendicular distance from point B to 
wire AE. 

PROBLEM 3.21 The wire AE is stretched between the corners A 
and £ of a bent plate. Knowing that the tension in the wire is 435 
N, determine the moment about O of the force exerted by the wire 
(a) on corner A, (b) on corner E. 


SOLUTION 

From the solution to Prob. 3.21 

F a =(315 N)i - (240 N) j + (1 80 N)k 
r A/B = -(0.210 m)i 

M b = r A/B xF A = -0.21ix(315i-240j + 180k) 

= 50.4k + 37.8j 

M B - \J (50.4) 2 + (37 .8) 2 
= 63.0 N m 

M b = F A d or d = — — 

f a 

, 63.0 N m 

d = 

435 N 

= 0.144829 m 

d = 144.8 mm 4 
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PROBLEM 3.29 

In Problem 3.22, determine the perpendicular distance from 
point C to portion AD of the line ABAD. 

PROBLEM 3.22 A small boat hangs from two davits, one of 
which is shown in the figure. The tension in line ABAD is 
82 lb. Determine the moment about C of the resultant force 
R i exerted on the davit at A. 


SOLUTION 


First compute the moment about C of the force F /M exerted by the line on D: 


From Problem 3.22: 


Then 

Since 


F/m — 

= -(48 lb)i + (62 lb)j + (24 lb)k 

Me = r £>/C X T DA 

= +(6 ft)i x [-(48 lb)i + (62 lb)j + (24 lb)k] 
= -(144 lb • ft)j + (372 lb • ft)k 

M c = ^( 144 ) 2 + C 372 ) 2 
= 398.90 lb • ft 

M c — F DA e? 

F da = 82 lb 



398.90 lb - ft 
82 lb 


d = 4.86 ft ◄ 
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PROBLEM 3.30 

In Prob. 3.23, determine the perpendicular distance from point A to a line drawn through points B and C. 

PROBLEM 3.23 A 6-ft-long fishing rod AB is securely anchored in the sand of a beach. After a fish takes the 
bait, the resulting force in the line is 6 lb. Determine the moment about A of the force exerted by the line at B. 



SOLUTION 

From the solution to Prob. 3.23: 

M a = -(25.4 lb • ft)i - (12.60 lb • ft)j - (12.60 lb • ft)k 

M a = f-25.4) 2 + (-12.60) 2 + (-12.60) 2 
= 31.027 lb ft 

M A = T BC d or d = — : — 

Tbc 

_ 31.027 lb -ft 

” 6lb 

= 5.1712 ft 


d = 5.17 ft ◄ 
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PROBLEM 3.31 


In Prob. 3.23, determine the perpendicular distance from point D to a line drawn through points B and C. 


PROBLEM 3.23 A 6-ft-long fishing rod A B is securely anchored in the sand of a beach. After a fish takes the 
bait, the resulting force in the line is 6 lb. Determine the moment about A of the force exerted by the line at B. 
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PROBLEM 3.32 

In Prob. 3.24, determine the perpendicular distance from point O 
to cable BD. 

PROBLEM 3.24 A precast concrete wall section is temporarily 
held by two cables as shown. Knowing that the tension in cable 
BD is 900 N, determine the moment about Point O of the force 
exerted by the cable at B. 


SOLUTION 

From the solution to Prob. 3.24 we have 

M 0 = (1 200 N • m)i - (1 500 N • m) j - (900 N • m)k 

M 0 =^(1200) 2 +(-1500) 2 +(-900) 2 = 2121.3 N-m 
M 

M n = Fd d = —?~ 

° F 

_ 2121.3 N-m 
900 N 

d = 2.36 m A 
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PROBLEM 3.33 

In Prob. 3.24, determine the perpendicular distance from point C 
to cable BD. 

PROBLEM 3.24 A precast concrete wall section is 
temporarily held by two cables as shown. Knowing that the 
tension in cable BD is 900 N, determine the moment about 
Point O of the force exerted by the cable at B. 


SOLUTION 

From the solution to Prob. 3.24 we have 

F = -(300 N)i - (600 N) j + (600 N)k 
r b/c = ( 2 m )J 

M c = r B/c x F = (2 m) j x (-300 Ni - 600 Nj + 600 Nk) 
= (600 N • m)k + (1 200 N • m)i 

M c =y]( 600) 2 +(1200) 2 = 1341.64 N-m 
M r 

c F 

_ 1341.64 N-m 
900 N 


d = 1.491 m ◄ 
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B 



PROBLEM 3.34 

Determine the value of a that minimizes the 
perpendicular distance from Point C to a section 
of pipeline that passes through Points A and B. 
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PROBLEM 3.35 

Given the vectors P = 3i - j + 2k, Q = 4i + 5j — 3k, and S = — 2i + 3j — k, compute the scalar products P • Q, 
P-S, andQ-S. 


SOLUTION 

P Q = (3i - j + 2k) (4i + 5 j - 3k) 
= (3)(4) + ( — 1)(5) + (2)(-3) 

= 12-5-6 

P Q = +l ◄ 


P • S = (3i - j + 2k) • (-2i + 3j - k) 
= (3)( — 2) + (-1)(3) + (2)(-l) 
= -6-3-2 

PS = -11 ◄ 


Q • S = (4i + 5j - 3k) • ( — 2i + 3j - k) 
= (4)( — 2) + (5)(3) + ( — 3)( — 1) 

= -8 + 15 + 3 

Q • S = +10 ◄ 
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PROBLEM 3.37 


Consider the volleyball net shown. 
Determine the angle formed by guy 
wires AB and AC. 


SOLUTION 

First note: 

AB = f -6.5) 2 + (-8) 2 + (2) 2 = 10.5 ft 
AC = 7(0 ) 2 + (— 8) 2 + (6) 2 = 10 ft 


and 

AB = -(6.5 ft)i - (8 ft)j + (2 ft)k 
AC = -(8 ft)j + (6 ft )k 


By definition, 

~AB ■ ~AC = (AB)(AC) cos 0 


or 

(— 6.5i - 8j + 2k) • (— 8j + 6k) = (10.5)(10) cos <9 
(-6.5X0) + (— 8)(— 8) + (2)(6) = 105 cos 9 


or 

cos 6 = 0.723 81 

or <9 = 43.6° ◄ 
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PROBLEM 3.38 


Consider the volleyball net shown. 
Determine the angle formed by guy 
wires AC and AD. 


SOLUTION 

First note: 

AC = f 0) 2 +(-8) 2 + (6) 2 
= 10 ft 

AD = f 4) 2 +(-8) 2 +(l) 2 
= 9 ft 


and 

AC = -(8 ft)j + (6 ft)k 
AD = (4 ft)i - (8 ft)j + (1 ft)k 


By definition, 

AC ■ AD = (AC)(AD)cosd 


or 

(— 8j + 6k) • (4i - 8j + k) = (10)(9) cos 6 
(0)(4) + (— 8)(— 8) + (6)(1) = 90 cos 0 


or 

cos <9 = 0.77778 

or <9 = 38.9° ◄ 
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PROBLEM 3.39 

Three cables are used to support a container as shown. Determine 
the angle formed by cables AB and AD. 


SOLUTION 

First note: 

AB - yj 

'(450 mm) 2 +(600 mm) 2 


and 

= 750 mm 

AD = yj(— 500 mm) 2 + (600 mm) 2 + (360 mm) 2 
= 860 mm 

AB = (450 mm)i + (600 mm) j 


By definition, 

AD = (-500 mm)i + (600 mm) j + (360 mm)k 
AB ■ AD = (AB)(AD) cos 6 


or 

(450i + 600j) • (-500i - 600j + 360k) = (750)(860) cos 9 
(450X-500) + (600X600) + (0)(360) = (750)(860) cos 9 

cos <9 = 0.20930 

(9 = 77.9° ◄ 
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SOLUTION 


First note: 


AC - yj ( 600 mm) 2 + (-320 mm) 2 
= 680 mm 

AD = f - 500 mm) 2 +(600 mm) 2 +(360 mm) 2 
= 860 mm 


By definition, 


AC - (600 mm)j + (-320 mm)k 

AD = (-500 mm)i + (600 mm)j + (360 mm)k 

AC ■ AD = (AC)(AD)cos6 

(600j - 320k) • (-500i + 600j + 360k) = (680)(860) cos <9 
0(-500) + (600X600) + (-320X360) = (680)(860) cos <9 

cos 6- 0.41860 


<9 = 65.3° ◄ 
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PROBLEM 3.41 



24 in. A 





/ [ wj 

, 12 in. 

\ \ 

The 20-in. tube AB can slide along a horizontal rod. The ends A and B 



/ 

Y 

of the tube are connected by elastic cords to the fixed point C. For the 



K 

\ 

position corresponding to x — 11 in., determine the angle formed by 




\ 

the two cords (a) using Eq. (3.32), ( b ) applying the law of cosines to 


J' 2 " 


\ 

triangle ABC. 

✓ 

s^-x 




z 


20 in.. 



S ~~ X 


SOLUTION 

(a) Using Eq. (3.32): 


( b ) Law of cosines: 


CA = lli-12j + 24k 

CA = 7(1 1) 2 + (-12) 2 + (24) 2 = 29 in. 

CB = 3 li - 12j + 24k 

CB = f( 31) 2 +(-12) 2 +(24) 2 = 41 in. 


cos # = 


CACB 


(CA)(CB) 

(1 li - 12 j + 24k) • (3 li - 12j + 24k) 
(29X41) 

(1 1)(3 1) + ( — 12)( — 12) + (24)(24) 


(29X41) 


= 0.89235 


(AB) 2 = (CA) 2 +(CB) 2 -2(CA)(CB) cos 9 
(20) 2 = (29) 2 + (41) 2 - 2(29)(41)cos<9 
cos <9 = 0.89235 


6 = 26.8° ◄ 


9 = 26.8° ◄ 
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PROBLEM 3.42 

Solve Prob. 3.41 for the position corresponding to x = 4 in. 

PROBLEM 3.41 The 20-in. tube AB can slide along a horizontal 
rod. The ends A and B of the tube are connected by elastic cords 
to the fixed point C. For the position corresponding to x — 11 in., 
determine the angle formed by the two cords (a) using Eq. (3.32), 
(b) applying the law of cosines to triangle ABC. 


SOLUTION 

(a) Using Eq. (3.32): 

= 4i - 12j + 24k 

= 7(4) 2 + (-12) 2 + (24) 2 = 27. 129 in. 

= 24i - 12j + 24k 

= 7(24) 2 + (-12) 2 + (24) 2 = 36 in. 

CACB 
- ( CA)(CB ) 

_ (4i - 12 j + 24k) • (24i - 12 j + 24k) 
_____ 

= 0.83551 

( b ) Law of cosines: 

(AB) 2 = ( CA ) 2 + (CB) 2 - 2(CA)(CB) cos 6 
(20) 2 = (27.129) 2 +(36) 2 - 2(27.129)(36)cos<9 
cos<9 = 0.83551 


CA 

CA 

CB 

CB 


<9 = 33.3° ◄ 


<9 = 33.3° ◄ 
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PROBLEM 3.43 


Ropes AB and BC are two of the ropes used to 
support a tent. The two ropes are attached to a 
stake at B. If the tension in rope AB is 540 N, 
determine (a) the angle between rope AB and 
the stake, ( b ) the projection on the stake of the 
force exerted by rope AB at Point B. 
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PROBLEM 3.44 

Ropes AB and BC are two of the ropes used to 
support a tent. The two ropes are attached to a 
stake at B. If the tension in rope BC is 490 N, 
determine (a) the angle between rope BC and 
the stake, ( b ) the projection on the stake of the 
force exerted by rope BC at Point B. 


SOLUTION 

First note: 

BC = f l) 2 + (3) 2 +(-1.5) 2 = 3.5 m 

BD = f -0.08) 2 + (0.38) 2 + (0. 16) 2 = 0.42 m 



T BC =fy (i + 3j - 1 - 5k) 

= -^p(2i + 6j-3k) 



HD 1 

; = = ( 0.08i + 0.38j + 0.16k) 

BD BD 0.42 



= _L ( _4i + i9j + 8k) 


(a) 

Tc ' ^BD ~ b H (; cos 6 



^=(2i + 6j - 3k) • 2-(— 4i + 19j + 8k) = T BC cos 0 

cos e = — j— [(2)(-4) + (6)(19) + (-3)(8)] 

147 



= 0.55782 

6 = 56.1° ◄ 

(b) 

(Tbc )bd ~ T bc ' A bd 
- T bc cos 6 
= (490 NX0.55782) 

(7bc)bd = 273 N ◄ 
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360 mm. 


y 


PROBLEM 3.47 


Knowing that the tension in cable AB is 570 N, determine the 
moment about each of the coordinate axes of the force exerted 
on the plate at B. 

X 
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360 m m 


y 


PROBLEM 3.48 


Knowing that the tension in cable AC is 1065 N, determine the 
moment about each of the coordinate axes of the force exerted 
on the plate at C. 

X 
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PROBLEM 3.51 

A fanner uses cables and winch pullers B and E to plumb 
one side of a small barn. If it is known that the sum of the 
moments about the x-axis of the forces exerted by the 
cables on the barn at Points A and D is equal to 4728 lb • ft, 
determine the magnitude of T DE when T AB = 255 lb. 


SOLUTION 

The moment about the x-axis due to the two cable forces can be found using the z components of each 
force acting at their intersection with the xy plane (A and D). The x components of the forces are parallel to 
the x-axis, and the y components of the forces intersect the x-axis. Therefore, neither the x or y components 
produce a moment about the x-axis. 


We have 
where 


{T AB )(y A ) + (T DE )(y D ) = M 


(Tab ) z T ab 

~ k ' (Tab^ab ) 


= k 


2551b 


— i — 12j + 12k 
17 


= 180 lb 


(Tde )j _ k ' T de 

- k • (T de / l DE ) 

1.5i-14j + 12k 


= k 


= 0.648657) 


18.5 


DE 



y A = 12 ft 

y D = 14 ft 

M x = 4728 lb • ft 

(1 80 lb)(12 ft) + (0.64865r D£ )(14 ft) = 4728 lb • ft 


and 


T de = 282.79 lb 


or T nF = 283 lb ◄ 
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PROBLEM 3.52 

Solve Problem 3.51 when the tension in cable AB is 306 lb. 

PROBLEM 3.51 A farmer uses cables and winch pullers B 
and E to plumb one side of a small barn. If it is known that the 
sum of the moments about the x-axis of the forces exerted by 
the cables on the bam at Points A and D is equal to 4728 lb • ft, 
determine the magnitude of T DE when T AB = 255 lb. 


SOLUTION 

The moment about the x-axis due to the two cable forces can be found using the z components of each force 
acting at the intersection with the xy plane (A and D). The x components of the forces are parallel to the x-axis, 
and the y components of the forces intersect the x-axis. Therefore, neither the x or y components produce a 
moment about the x-axis. 


We have 
Where 


ZAf, 


(Tab ) z (. v x ) + (T/)b ), (v^ ) — M 


(Tab ) z — k ' Ta 


— k • (T AR X AR ) 


= k 


3061b 


— i — 12j + 12k 
17 


= 216 lb 


(T/j/.;)- — k Tq 


— k • (T de X de ) 

1.5i-14j + 12k 


= k 


l DE 


18.5 


= 0.648657) 


DE 



y A = 12 f t 
y D = 14ft 

M x = 4728 lb • ft 

(216 lb)(12 ft) + (0.64865r D£ )(14 ft) = 4728 lb ■ ft 


and 


T de =235.21 lb 


or T de = 235 lb ◄ 
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PROBLEM 3.53 

A single force P acts at C in a direction perpendicular to the 
handle BC of the crank shown. Knowing that M x - +20 N • 
m and M y = -8.75 N • m, and M z = -30 N • m, determine the 
magnitude of P and the values of 0 and 6. 


SOLUTION 


r c = (0.25 m)i + (0.2 m) sin O'] + (0.2 m) cos #k 
P = —P sin 0j + P cos 0k 


M 0 =r c xP = 


i j k 

0.25 0.2sin<9 0.2cos 6 
0 -Psin0 P cos0 


Expanding the determinant, we find 


M x = (0.2)P(sin#cos 0 + 008 08^0) 
M x = (O.2)Psin(<9 + 0) 

M y = -(O.25)Pcos0 
M_ =-(O.25)Psin0 

Dividing Eq. (3) by Eq. (2) gives: tan 0 = - 

M y 

x -30 N-m 

tan 0 = 

-8.75 N-m 

0 = 73.740 


Squaring Eqs. (2) and (3) and adding gives: 


Ml +M: =(0.25) 2 P 2 


or P = AjMl+M 2 . 


P = 4 a /(8.75) 2 + (30) 2 
= 125.0 N 

Substituting data into Eq. (1): 

(+20 N • m) = 0.2 m(125.0 N) sin(6> + 0) 

(6> + 0) = 53.130° and {0 + 0) = 126.87° 

0 = -20.6° and <9 = 53.1° 


( 1 ) 

(2) 

( 3 ) 

( 4 ) 


0 = 73.7° ◄ 
( 5 ) 

P = 125.0 N ◄ 


e=53.i° ◄ 
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PROBLEM 3.54 

A single force P acts at C in a direction perpendicular to the 
handle BC of the crank shown. Determine the moment M x of P 
about the v-axis when 0 = 65°, knowing that M y = -15 N • m 
and M. = -36 N • m. 


SOLUTION 


See the solution to Prob. 3.53 for the derivation of the following equations: 


M x = (0.2)Psin(f? + 0) 

(1) 

, M. 

tan 0 = — — 
M x 

(4) 

P = 4^M 2 + M 2 

(5) 

Substituting for known data gives: 


, -36 N m 

tan 0 = 

—15 N-m 


0 = 67.380° 


P = 4-y/(— 1 5) 2 + (-36) 2 


P = 156.0 N 


M x = 0.2 m(156.0 N)sin(65° + 67.380°) 


= 23.047 N-m 

M x = 23.0 N-m ◄ 
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SOLUTION 




First note: 

CF 

T —T — 

l CF 1 CF cp 



CF = a/ (0.6) 

2 +(-0.9) 2 +(-0.2) 2 =1.1 m 

Then 

33 N 

Tcp= (0.6i 0.9j + 0.2k) 


= 3[(6 N)i - (9 N)j - (2 N)k] 

Also, 

DB = f\.2y 

-+(-0.35) 2 +(0) 2 


— 1.25 m 



Then 

DB 
DB DB 




= 1 (1.2i 0.351) 
1.25 

=— (241-7 j) 

25 ' 


Now 

^ DB — ^ DB ( r c/D X T'f ) 


where 

r cm = (°- 2 m )J - (°- 4 m ) k 




24 -7 0 


Then 

0 0.2 -0.4 

6 -9 -2 



= -(-9.6 + 16.8-86.4) 
25 




or M db - -9.50 N • m A 
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PROBLEM 3.59 

The frame ACD is hinged at A and D and is supported by a 
cable that passes through a ring at B and is attached to hooks 
at G and H. Knowing that the tension in the cable is 450 N, 
determine the moment about the diagonal AD of the force 
exerted on the frame by portion BH of the cable. 


SOLUTION 


Where 


and 


Then 


Finally, 


M AD ~ ^ AD ' ( r B/A X Tgff ) 

X A d - ~(4i - 3k) 
t b/a = (°- 5 m )i 

d BH = fo.375) 2 + (0.75) 2 + (-0.75) 2 
= 1.125 m 
450 N 

T bh = — — (0.375i + 0.75 j - 0.75k) 

= (150 N)i + (300 N)j - (300 N)k 

4 0-3 

M ad = — 0.5 0 0 

150 300 -300 

= |[(-3)(0.5)(300)] 


or M ad = -90.0 N-m A 
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PROBLEM 3.60 

In Problem 3.59, determine the moment about the diagonal AD 
of the force exerted on the frame by portion BG of the cable. 

PROBLEM 3.59 The frame ACD is hinged at A and D and is 
supported by a cable that passes through a ring at B and is 
attached to hooks at G and H. Knowing that the tension in the 
cable is 450 N, determine the moment about the diagonal AD 
of the force exerted on the frame by portion BH of the cable. 


SOLUTION 

M AD ~ ^ AD ' ( r BM X Ti BG ) 

Where X AD = ~ (4i - 3k ) 

r BIA = (°- 5 m )J 

and BG = ^/c-0.5) 2 + (0.925) 2 + (-0.4) 2 

= 1.125 m 
450 N 

Then T fir = (-0.5i + 0.925j - 0.4k) 

bg L125 J 

= -(200 N)i + (370 N)j - (160 N)k 

4 0-3 

0.5 0 0 

-200 370 -160 

= |[(-3)(0.5)(370)] M AD = - 1 1 1 .0 N • m ◄ 


Finally, 


m ad- 5 
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y 


PROBLEM 3.62 


o 

/i 

A 

A regular tetrahedron has six edges of length a. (a) Show that two 
opposite edges, such as OA and BC, are perpendicular to each 
other. ( b ) Use this property and the result obtained in Problem 3.61 



to determine the perpendicular distance between edges OA and BC. 


'L 

\ \ 

jA c 

p ^ 



B 


X 



^ + (04) y (0)-^ = 0 
4 - 4 

OABC = 0 


so that QA is perpendicular to BC. A 

(b) We have M OA = Pd, with P acting along BC and d the perpendicular distance from OA to BC. 

From the results of Problem 3.57, 


_ Pa 

OA ~ 42 

^ =Pd 

42 


or d — —= A 

42 
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PROBLEM 3.63 

Two forces F : and F 2 in space have the same magnitude F. Prove that the moment of F, about the line of 
action of F 2 is equal to the moment of F 2 about the line of action of Fj . 
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PROBLEM 3.64 

In Problem 3.55, determine the perpendicular distance between 
cable AE and the line joining Points D and B. 

PROBLEM 3.55 The triangular plate ABC is supported by 
ball-and-socket joints at B and D and is held in the position 
shown by cables AE and CF. If the force exerted by cable AE 
at A is 55 N, determine the moment of that force about the line 
joining Points D and B. 


SOLUTION 

From the solution to Problem 3.55: T AE — 55 N 

T A£ =5[(9 N)i - (6 N)j + (2N)k] 

\M db \ = 2.28 N • m 

^=^ (24i - vj) 

Based on the discussion of Section 3.11, it follows that only the perpendicular component of T AE will 
contribute to the moment of T AE about line DB. 

N° W (Jae ) parallel = T , AE ' ^ DB 

= 5(9i-6j + 2k)-^(24i-7j) 

= j [( 9 )( 24 ) + (- 6 )(- 7 )] 

= 51.6 N 

Also, = (TaE ) parallel + (T AE )perpendicular 

so that (T ae ) perpendlcuto - V ( 55) 2 + ( 51 . 6) 2 = 19.0379 N 

Since X DB and (T A£ ) ndicular are perpendicular, it follows that 

44 DB — AE ) perpendicular 

or 2.28 N • m = <7(19.0379 N) 

d = 0.119761 d = 0.1 198 m ◄ 
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PROBLEM 3.65 

In Problem 3.56, determine the perpendicular distance 
between cable CF and the line joining Points D and B. 

PROBLEM 3.56 The triangular plate ABC is supported by 
ball-and-socket joints at B and D and is held in the position 
shown by cables AE and CF. If the force exerted by cable CF at 
C is 33 N, determine the moment of that force about the line 
joining Points D and B. 


SOLUTION 

From the solution to Problem 3.56: 


Tf = 33 N 


T cf = 3[(6 N)i - (9 N)j- (2 N)k] 


|M DZ? l = 9.50N-m 

^DK = 2^5 (24i - 7j) 

Based on the discussion of Section 3.11, it follows that only the perpendicular component of T Cf will 
contribute to the moment of T CF about line DB. 


Now 


Also, 
so that 

Since 'k l)H and (T CF ) 


(Tf ^parallel - ^ CF ' ^DB 

= 3(6i-9j-2k)-^(24i-7j) 

= J^[(6)(24) + (-9)(-7)] 

= 24.84 N 

Tf ~ (Tf) parallel + (T CF ) perpendicular 
(Tf ) D eroendicular = ^03) 2 -(24M) 2 


or 


CF 'perpendicular 

= 21.725 N 

CF perpendicular are perpendicular, it follows that 

DB \ — d (T cf ) perpendicular 
9.50 N • m = Jx21.725 N 


or d - 0.437 m A 
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PROBLEM 3.66 

In Prob. 3.57, determine the perpendicular distance between 
rod AB and the line of action of P. 

PROBLEM 3.57 The 23-in. vertical rod CD is welded to the 
midpoint C of the 50-in. rod AB. Determine the moment about 
AB of the 235-lb force P. 


SOLUTION 


Angle 9 between AB and P: 


AB = (32 in.)i - (30 in.)j - (24 in.)k 
AB = f( 32) 2 + (-30) 2 +(-24) 2 = 50 in. 

Aft 

X AH = = 0.64i - 0.60j - 0.48k 

AB AB 

_ P _ 105i-190j + 90k 
P P 235 


cos 0 = A ab ■ A P 


= (0.64i - 0.60j - 0.48k) 

= 0.58723 
6 = 54.039° 


105i-190j + 90k 
235 


The moment of P about AB may be obtained by multiplying the projection of P on a plane perpendicular to 
AB by the perpendicular distance d from AB to P: 

M ab = (PsinO)d 

From the solution to Prob. 3.57: M , 1/; = 207 lb • ft = 2484 lb • in. 

We have 2484 lb • in. = (235 lb)(sin 54.039)<i 


d = 13.06 in. ◄ 
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SOLUTION 


Angle 0 between AB and Q: 


AB = (32 in.)i - (30 in.) j - (24 in.)k 


AB = f( 32) 2 + (-30) 2 + (-24) 2 = 50 in. 


A ah = 0.64i - 0.60j - 0.48k 

AB AB J 

Q -96i-126j-72k 
Q ~ Q~ 174 


cos 0 = A ab ■ A q 


= (0.64i - 0.60j - 0.48k) 

= 0.28000 
9 - 73.740° 


(— 96i — 126j — 72k) 
174 


The moment of Q about AB may be obtained by multiplying the projection of Q on a plane perpendicular to 
AB by the perpendicular distance d from AB to Q: 

M ab = ( Qsin9)d 


From the solution to Prob. 3.58: M , u , = 176.6 lb • ft = 21 19.2 lb • in. 

21 19.2 lb • in. = (174 lb)(sin 73.740 o )d 


d = 12.69 in. A 
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PROBLEM 3.68 

In Problem 3.59, determine the perpendicular distance between 
portion BH of the cable and the diagonal AD. 

PROBLEM 3.59 The frame ACD is hinged at A and D and is 
supported by a cable that passes through a ring at B and is 
attached to hooks at G and H. Knowing that the tension in the 
cable is 450 N, determine the moment about the diagonal AD 
of the force exerted on the frame by portion BH of the cable. 


SOLUTION 

From the solution to Problem 3.59: 


T bh = 450 N 


T bh = (150 N)i + (300 N)j - (300 N)k 


IM AD l = 90.0N-m 


'Tad = — (4i-3k) 

Based on the discussion of Section 3.11, it follows that only the perpendicular component of T /;/ / will 
contribute to the moment of T BH about line AD. 


Now 


Also, 

so that 
Since X AD and (T bh ) 


(Tbh ^parallel — T BH ' T AD 


= (150i + 300j - 300k) • -(4i - 3k) 

= ~[(1 50)(4) + (— 3()0)(— 3) | 

= 300 N 

Tbh ~ ( Tbh parallel + ( Tbh perpendicular 

450) 2 - (300) 2 = 335.41 N 


or 


(Tbh) perpendicular 

BH perpendicular are perpendicular, it follows that 

M AD ~ d(T B H ) perpendicular 

90.0 N • m = rf(335.41 N) 

= 0.26833 m 


d = 0.268 m 4 
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SOLUTION 

From the solution to Problem 3.60: 


Tg C = 450 N 


T bg = -(200 N)i + (370 N)j- (160 N)k 


IM AD l = lllN-m 


^ad = — (4i-3k) 


Based on the discussion of Section 3.11, it follows that only the perpendicular component of T B c will 
contribute to the moment of T BC about line AD. 


Now 


Also, 

so that 

Since X AD and ( T bg)d 


(^BG ) parallel — T BC • X AD 

= (—2001 + 370j - 160k) • i(4i - 3k) 

= j[(-200)(4) + ( — 160)( — 3)] 

= -64 N 

^ BG (^BG ) parallel (^BG ) perpendicular 

(^BG )nemendicu,ar = V(450) 2 - (~64) 2 = 445.43 N 


BG 'perpendicular 

'-ad — v-bc perpendicular ^ P er Pendicular, it follows that 

m ad =< f /( r BG ) perpendicular 

or 111 N-m = </(445.43 N) 

d = 0.24920 m 


d= 0.249 m ◄ 
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PROBLEM 3.70 


121b 


A 



/ 12 lb 16 in - 


21 lb 


A plate in the shape of a parallelogram is acted upon by two 
couples. Determine ( a ) the moment of the couple formed by the 
two 21 -lb forces, ( b ) the perpendicular distance between the 12-lb 
forces if the resultant of the two couples is zero, (c) the value of a 
if the resultant couple is 72 lb in. clockwise and d is 42 in. 
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PROBLEM 3.71 

Four 1 -in. -diameter pegs are attached to a board as shown. Two 
strings are passed around the pegs and pulled with the forces 
indicated, (a) Determine the resultant couple acting on the board. 
( b ) If only one string is used, around which pegs should it pass 
and in what directions should it be pulled to create the same 
couple with the minimum tension in the string? (c) What is the 
value of that minimum tension? 
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PROBLEM 3.72 

Four pegs of the same diameter are attached to a board as shown. 
Two strings are passed around the pegs and pulled with the 
forces indicated. Determine the diameter of the pegs knowing 
that the resultant couple applied to the board is 485 lb in. 
counterclockwise. 


SOLUTION 

M — d-AD^AD + dsC^BC 



485 lb • in. = [(6 + d) in.](35 lb) + [(8 + d) in.](25 lb) 

d =1.250 in. A 
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PROBLEM 3.73 

A piece of plywood in which several holes are being drilled 
successively has been secured to a workbench by means of two 
nails. Knowing that the drill exerts a 12-N-m couple on the piece of 
plywood, determine the magnitude of the resulting forces applied to 
the nails if they are located (a) at A and B, (b) at B and C, (c) at A 
and C. 


SOLUTION 





4 


(a) M - Fd 

12 N • m = F(0.45 m) 


F = 26.7 N ◄ 



V 

O.TM"' 

_L 


(b) M - Fd 

12 N • m = F(0.24 m) 


F = 50.0 N ◄ 



(c) M - Fd d = 

= 0.510 m 

12 N • m = F(0.510 m) 


F = 23.5 N ◄ 
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PROBLEM 3.75 

The two shafts of a speed-reducer unit are subjected to 
couples of magnitude M\ = 15 lb-ft and M 2 = 3 lb-ft, 
respectively. Replace the two couples with a single equivalent 
couple, specifying its magnitude and the direction of its axis. 


SOLUTION 

AT, =(15 lb • ft)k 

M 2 = (3 lb • ft)i 

M = iJm? + Ml 

= V(15) 2 +(3) 2 
= 15.30 lb-ft 


3 


_ 15 _ 

tan 6 = — = 5 



3 

9 X =78.7° 


- -X 


9 y = 90° 

0, =90° -78.7° 
= 11.30° 

K = M, 

M= 15.30 lb ft; 6> v =78.7°, 9 y = 90.0°, 9 Z = 11.30° ◄ 
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PROBLEM 3.77 (Continued) 


M=M l +M 2 +M 3 =(3.84j + 2.88k) -2.40j + (-1.92i -1.6k) 

= -(1-92 N • m)i + (1 .44 N • m)j + (1 .28 N-m)k 

M =7(-l-92) 2 +(1.44) 2 +(1.28) 2 = 2.72 N-m M=2.72N-m4 

cos e x =-1.92/2.72 
cos 0 V =1.44/2.72 

cos =1.28/2.72 6> t = 134.9° 6> v =58.0° ft = 61.9° ◄ 
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PROBLEM 3.78 

If P — 0, replace the two remaining couples with a single 
equivalent couple, specifying its magnitude and the direction 
of its axis. 


SOLUTION 


M = Mj +M 2 ; Fj =16 lb, F 2 = 401b 

= r c x Fj = (30 in.)i x [-(16 lb)j] = -(480 lb • in.)k 


M 2 = %xF 2 ; r E/B = (15 in.)i - (5 in.)j 
d DE = yj(0) 2 + (5) 2 + (10) 2 - 5 V5 in. 

= 8V5[(llb)j-(21b)k] 

i j k 

M 2 =8^ 15 -5 0 

0 1 -2 


= 8^ [(10 lb • in.)i + (30 lb • in.)j + (15 lb • in.)k] 

M = -(480 lb • in.)k + 8^5 [(10 lb • in.)i + (30 lb • in.)j + (15 lb • in.)k] 
= (178.885 lb • in.)i + (536.66 lb • in.)j - (21 1 .67 lb • in.)k 


M = ^(178. 885) 2 + (536.66) 2 + (-21 1.67) 2 
= 603.99 lb in 


M = 604 lb • in. ◄ 


^ axis = — = 0.29617i + 0.88852j - 0.35045k 

cos 0 X =0.29617 
cos d y = 0.88852 

cos 6, = -0.35045 6 X = 72.8° G y = 27.3° 0 Z = 1 10.5° ◄ 
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SOLUTION 

From the solution to Problem. 3.78: 

16-lb force: M x = -(480 lb • in.)k 

40-lb force: M 2 =8V5[(10 lbin.)i + (30 lb - in.)j + (15 lb - in.)k] 

P = 20 lb M 3 =r c xP 

= (30 in.)ix(20 lb)k 
= (600 lb • in.)j 

M = Mj+M 2 +M 3 

= — (480)k + 8^ (lOi + 30j + 15k) + 600j 
= (178.885 lb in.)i + (1136.66 lb • in.) j - (21 1.67 lb in.)k 

M = ^/(178.885) 2 + (1 13.66) 2 + (21 1.67) 2 

= 1 169.96 lb • in. M = 1 170 lb • in. ◄ 

M 

A, axi = — = 0. 1 52898i + 0.97 1 54j - 0. 1 8092 lk 

axis m 

cos e x = 0.152898 
cos 0 y = 0.97154 

cos 6 Z = -0.180921 6 X =81.2° 0 y = 13.70° 0, = 100.4° ◄ 
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PROBLEM 3.80 


1.75 N*m 

In a manufacturing operation, three holes are drilled 


'f- 

simultaneously in a workpiece. If the holes are perpendicular to the 


surfaces of the workpiece, replace the couples applied to the drills 



with a single equivalent couple, specifying its magnitude and the 


direction of 

S 1.5 N-m •' 


* its axis. 


SOLUTION 

M = M!+M 2 +M 3 

= (1 .5 N • m)(— cos 20° j + sin 20°k) - (1 .5 N • m) j 
+ (1.75 N • m)(- cos 25 °j + sin 25 °k) 

= -(4.4956 N-m)j + (0.22655 N-m)k 

M = fo) 2 + (-4.4956) 2 + (0.22655) 2 

= 4.5013 N-m M =4.50 N-m 4 

A axis = = -(0.99873j + 0.050330k) 

cos 9 X = 0 
cos 9 y = -0.99873 

cos 9 Z = 0.050330 9 X = 90.0°, 9 y =177.1°, ^=87.1° ◄ 
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PROBLEM 3.81 


A 260-lb force is applied at A to the rolled-steel section shown. Replace that 
force with an equivalent force-couple system at the center C of the section. 
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PROBLEM 3.82 

A 30-lb vertical force P is applied at A to the bracket shown, which is held by 
screws at B and C. (a) Replace P with an equivalent force-couple system at B. 
(b) Find the two horizontal forces at B and C that are equivalent to the couple 
obtained in part a. 


SOLUTION 



(a) M b = (30 lb)(5 in.) 



= 150.0 lb • in. 

F = 30.0 lb j. 

, M B = 150.0 lb in. ^4 

(b) 5 = C= 1501bm '=50.01b 

3.0 in. 

B = 50.0 lb 

— , C = 50.0 lb — ◄ 
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PROBLEM 3.83 

The force P has a magnitude of 250 N and is applied at the end C of 
a 500-mm rod AC attached to a bracket at A and B. Assuming a = 30° 
and [3 = 60°, replace P with (a) an equivalent force-couple system at B, 
( b ) an equivalent system formed by two parallel forces applied at 
A and B. 
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PROBLEM 3.84 

Solve Problem 3.83, assuming a = [3= 25°. 

PROBLEM 3.83 The force P has a magnitude of 250 N and is applied 
at the end C of a 500-mm rod AC attached to a bracket at A and B. 
Assuming a = 30° and f3 = 60°, replace P with (a) an equivalent force- 
couple system at B, (b) an equivalent system formed by two parallel 
forces applied at A and B. 
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?! A 


PROBLEM 3.85 

50 1 

mm 1 



The 80-N horizontal force P acts on a bell crank as shown. 





(a) Replace P with an equivalent force-couple system at B. 

J 

|( 

^ ( b ) Find the two vertical forces at C and D that are equivalent 





to the couple found in part a. 



1- too mm * 

-*-40 mm-*- 



SOLUTION 



Based on 


IF: F B =F = 80 N or F B =80.0N^4 


I M: M B — Fd B 

= 80 N (0.05 m) 
= 4.0000 N • m 


or 


M fi =4.00N-nT ◄ 




" h 

fc 

6 



i 





E 

r . . 

!> e 

o 



-J- 


( b ) If the two vertical forces are to be equivalent to M /; . they must be 
a couple. Further, the sense of the moment of this couple must be 
counterclockwise. 

Then with F c and F D acting as shown, 

I M: M d = F c d 

4.0000 N • m = F c (0.04 m) 

F c = 100.000 N or F c = 100.0 N ◄ 


IF V : 0= F D - F c 
F d = 100.000 N 


or F d = 100.0 N ◄ 
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PROBLEM 3.86 

A dirigible is tethered by a cable attached to its cabin at B. If 
the tension in the cable is 1040 N, replace the force exerted by 
the cable at B with an equivalent system formed by two 
parallel forces applied at A and C. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


247 





216 N 

/ 

PROBLEM 3.87 

450 U 

Three control rods attached to a lever ABC exert on it the forces 



shown. ( a ) Replace the three forces with an equivalent force-couple 

90 N mm 

^30° 

system at B. ( b ) Determine the single force that is equivalent to the 


90 N 

force -couple system obtained in part a, and specify its point of 

A 


application on the lever. 


SOLUTION 

( a ) First note that the two 90-N forces form a couple. Then 

F = 216N 9 

where 0 = 180°- (60° + 55°) = 65° 

and M = 'EM B 

= (0.450 m)(216 N) cos 55° - (1.050 m)(90 N) cos 20° 

= -33.049 N-m 

The equivalent force-couple system at B is 

F = 216 N 65.0°; M = 33.0 N-m < 

( b ) The single equivalent force F' is equal to F. Further, since the sense of M is clockwise, F' must be 
applied between A and B. For equivalence, 

EM b : M-aF’ cos 55° 

where a is the distance from B to the point of application of F'. Then 

-33.049 N-m = -a(216 N)cos55° 
a - 0.26676 m 

or F' = 216 N 65.0° applied to the lever 267 mm to the left of B A 
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PJ 

PROBLEM 3.88 


/Y 

B r — \ c 

A hexagonal plate is acted upon by the force P and the couple shown. 


/ \ A 300 N 

/ M 

Determine the magnitude and the direction of the smallest force P for 
which this system can be replaced with a single force at E. 

A 

/ D 


300 N ' 

*L~ — Ir 

0.2 m — H 
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Q A 

■< a ► 

B 

^ PROBLEM 3.89 

A force and connle act as shown on a snnare nlate of side n — 25 in Knowing 

-Q 


( 

that P — 60 lb, Q - 40 lb, and a — 50°, replace the given force and couple by 
a single force applied at a point located (a) on line AB, (b) on line AC. In each 
case determine the distance from A to the point of application of the force. 

C D 


SOLUTION 


6 


o 



Replace the given force-couple system with an equivalent force- 
couple system at A. 

P x = (60 lb)(cos50°) = 38.567 lb 
P y = (60 lb)(sin50°) = 45.963 lb 
+)M A = P y ci - Qa 

= (45.963 lb)(25 in.) - (40 lb)(25 in.) 

= 149.075 lb •in.') 


lb 



(a) Equating moments about A gives: 

149.075 lb in. = (45.963 lb)x 
* = 3.24 in. 

P = 60.0 lb A. 50.0°; 3.24 in. from A ◄ 


HS. 


/ 60 \b 



( b ) 149.075 lb ■ in. = (38.567 lb)y 

_y = 3.87 in. 

P = 60.0 lb 50.0°; 3.87 in. below A ◄ 
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$ PROBLEM 3.90 

/ 

Q a| 

B 

r 

f The force and couple shown are to be replaced by an equivalent single force. 




Knowing that P = 2 Q, determine the required value of a if the line of action of 



c 

the single equivalent force is to pass through (a) Point A, (b) Point C. 

c 

: D 



SOLUTION 




(a) We must have M A = 0 


(P sin a)a -Q(a) = 0 


Q Q 1 

sin a = — = — = — 
P 2Q 2 


a = 30.0° ◄ 


( b ) We must have M c = 0 

(Psinct)a - (Pcosa)a - Q(a) = 0 

Q Q 1 

sin ct - cos ct = — = — = — 
P 2Q 2 

sin a = cos a + - 


1 


( 1 ) 


sin 2 a- cos 2 a + cos a + — 
4 

1 - cos 2 a = cos 2 a + cos a + — 


2cos” a + coset -0.75 = 0 
Solving the quadratic in coset: 

-i±V7 


COSCt : 


a -65.1° or 155.7° 


(2) 


Only the first value of et satisfies Eq. (1), 


therefore et = 65.7° A 
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PROBLEM 3.91 

The shearing forces exerted on the cross section of a steel channel can 
be represented by a 900-N vertical force and two 250-N horizontal 
forces as shown. Replace this force and couple with a single force F 
applied at Point C, and determine the distance x from C to line BD. 
(Point C is defined as the shear center of the section.) 


SOLUTION 


Replace the 250-N forces with a couple and move the 900-N force to Point C such that its moment about H is 
equal to the moment of the couple 


T 


O . I ft 


_2'_ 


ISO n 1 


i X 

h > 


1 

H 


^OO M 

1 ^ 


2.S0 (4 


1 — 


H 

r 

H 

r 

Aoom 



T 


^OO M 


M h = (0.18X250 N) 
= 45 N-m 


Then 


or 


M h = x(900 N) 

45 N • m = x(900 N) 
x-0.05 m 


F = 900 N x — 50.0 mm A 
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PROBLEM 3.92 


A force and a couple are applied as shown to the end of a 
cantilever beam, (a) Replace this system with a single force F 
applied at Point C, and determine the distance d from C to a 
line drawn through Points D and E. (b) Solve part a if the 
directions of the two 360-N forces are reversed. 
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SOLUTION 


We have 

d AD — V ( — 64-) 2 + (-128) 2 + (-128) 2 
= 192 ft 

Then 

t ad =^^ ( - 64i - 12 8j + 128k) 


= (90 lb)( — i - 2 j - 2k) 

Now 

M = M 0 = r A/0 x T ad 
= 128j x 90(-i - 2j - 2k) 

= -(23, 040 lb • ft)i + (1 1,520 lb • ft)k 

The equivalent force-couple system at 0 is 

F = -(90.0 lb)i - (180.0 lb)j - (180.0 lb)k ◄ 


M = -(23.0 kip - ft)i + (1 1.52 kip • ft)k A 
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SOLUTION 

We have 
Then 

Also 

Then 

Now 

where 

Then 


d AJ = V( 18 ) 2 +C-14) 2 +C-3) 2 - 23 in. 

46 lb 


F = 


23 


-fl8i - 14j - 3k) 


= (36 lb)i — (28 lb) j — (6 lb)k 
d AC - V (— 45) 2 + (0) 2 + (— 28) 2 =53 


in. 


. , 2120 lb in. 

M = (— 45i - 28k) 

53 

= -(1800 lb - in.)i — (1 120 lb in.)k 


M' = M + r A/H x F 


t a/h = ( 45 in -)i + (14 in.) j 


M' = (— 1800i - 1 120k) + 


i J 

45 14 

36 -28 


= (— 1800i - 1 120k) + { [(14)( — 6)]i + [-(45)(-6)]j + [(45)(-28) - (14)(36)]k} 

= (-1800- 84)i + (270) j +(-1120-1 764)k 
= -(1 884 lb • in.)i + (270 lb • in.)j - (2884 lb • in.)k 
= -(157 lb • ft)i + (22.5 lb • ft)j - (240 lb • ft)k 

The equivalent force-couple system at H is F' = (36.0 lb)i - (28.0 lb) j - (6.00 lb)k A 

M' = -(157.0 lb • ft)i + (22.5 lb • ft)j - (240 lb • ft)k 4 
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PROBLEM 3.99 

A 77-N force F , and a 31-N ■ m couple Mi are 
applied to corner E of the bent plate shown. If 
Fi and Mi are to be replaced with an equivalent 
force-couple system (F 2 , M 2 ) at corner B and if 
(M 2 ) z = 0, determine (a) the distance d, (b) F 2 
and M 2 . 


SOLUTION 



(a) We have 

M 2z = 0 



k ’ x h ) + M \ z = 0 

(1) 

where 

t h/b = (0-31 m)i - (0.0233)j 



h = ~^EH ^1 



(0.06 m)i + (0.06 m)j - (0.07 m)k 
0.11m 


= (42 N)i + (42 N)j - (49 N)k 
M lz = kM, 

Ml = 1 

= ~ di + (°- 03 ~ (°- 07 m)k ( 3 1 N • m) 

\Jd 2 +0.0058 m 

Then from Equation (1), 

0 0 1 
0.31 -0.0233 0 

42 42 -49 

Solving for d. Equation (1) reduces to 

(13.0200 + 0.9786) — 2 ' 1? N-m = 0 
VJ 2 +0.0058 

from which d- 0.1350 m or d- 135.0 mm 4 


+ (-0.07 m)(3 1 N • m) 
^Jd 2 +0.0058 
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PROBLEM 3.101 






A 3-m-long beam 

is subjected to a variety of loadings, (a) Replace each loading with an equivalent force- 

couple system at end A of the beam. ( b ) Which of the loadings are 

: equivalent? 



300 N 

200 N 


200 N 

300 N 


500 N 

rt 

— 1 

400 N-m 

u 



_h 

\ A fsr- 


A | ^ 


— ^ ) 


— ^ ) 

400 N-m 



400 N-m 


400 N-m 



200 N 300 N 





(a) 


(b) 


(c) 


(<t> 


SOON 

300 N 200 N 

800 N 


250 N 

250 N 

400 N-m 

\\ 

{ } \ 


400 N-m 

\ 

(\ 

h 

1 ^ ■ 



1 

■H 1 



V k a. 

r JL / 

— — i ^ J 

V 

-A. A J 

V 

JL / 

T 

1000 N-m 

400 N-m 

1000 N-m 

T 

1000 N-m 

400 N-m 

300 N 




300 N 



(e) 


if) 


(g) 


(h) 


SOLUTION 

1R 

(a) ( a ) 

We have 

7$V rA-| 

ZF y : - 300 N - 200 N = R a H ^ ^ H 

or R fl = 500 N , 4 


and 

ZM A : - 400 N-m - (200 N)(3 m) = 

or M fl = 1000 N-m ^ 4 

(b) 

We have 

XF y : 200 N + 300 N = R b 

or R fc = 500 N J ^ 


and 

ZM a : - 400 N • m + (300 N)(3 m) = M h 

or M fc =500N-m 4 

(c) 

We have 

U? Y : - 200 N - 300 N = R c 

or R f = 500 N | 4 


and 

ZM a : 400 N-m -(300 N)(3 m)-M c 

or M c = 500 N • m J 4 
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PROBLEM 3.101 (Continued) 


( d) We have 

XF y : -500 N = R d 

or R , = 500 N . A 

and 

XM a : 400 N • m - (500 N)(3 m) = M d 



or 

=1100 N-m J) ^ 

( e ) We have 

ZF y : 300 N - 800 N = R e 

or = 500 N | A 

and 

EM a : 400 N-m + 1000 N-m-(800 N)(3 m ) = M e 



or 

M f = 1000 N-m^> 

(f ) We have 

T,F Y : - 300 N - 200 N = R f 

or R / =500Nj4 

and 

ZM a : 400 N • m - (200 N)(3 m) = M f 



or 

My: =200N- m> H 

( g ) We have 

XF y : -800N + 300N = R g 

or R g = 500 N ◄ 

and 

ZM a : 1000 N • m + 400 N • m + (300 N)(3 m) = M g 



or 

M g =2300 N-m^ 

(7z) We have 

ZF y : - 250 N - 250 N = R h 

or R h - 500 N ◄ 

and 

~LM a : 1000 N • m + 400 N • m - (250 N)(3 m) = M h 



or 

M ; , =650N-m')4 

( b ) Therefore, loadings (a) and (e) are equivalent. 
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200 N 300 N 



500 N-m 200 N-in 


PROBLEM 3.102 

A 3-m-long beam is loaded as shown. Determine the loading 
of Prob. 3.101 that is equivalent to this loading. 


SOLUTION 


c 


t 


R 

A 


We have 
or 
and 
or 


ZF y : - 200 N - 300 N - R 


y h- 




R = 500 N | 


IM a \ 500 N • m + 200 N-m - (300 N)(3 m)-M 


M = 200 N-m ) 


Problem 3.101 equivalent force-couples at A: 


7 ^ 

3 tv\ v 


Case 

R 

M 

(a) 

500 Nj 

1000 N-m) 

(b) 

500 n( 

500 N-m") 

(c) 

500 nJ 

500 N-m) 

(d) 

500 nJ 

1100 N-m) 

(e) 

500 n| 

1000 N rn) 

if) 

500 nJ 

200 N-m) 

(g) 

500 nJ 

2300 N-m) 

(h) 

500 nJ 

650 N-m") 


Equivalent to case (f) of Problem 3.101 A 
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PROBLEM 3.103 


Determine the single equivalent force and the distance from Point A to its line of action for the beam and 
loading of (a) Prob. 3.101a, ( b ) Prob. 3.101h, (c) Prob. 3.102. 
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PROBLEM 3.104 


Five separate force-couple systems act at the corners of a piece of sheet metal, which has been bent into the 
shape shown. Determine which of these systems is equivalent to a force F = (10 lb)i and a couple of moment 
M = (15 lb • ft)j + (15 lb • ft)k located at the origin. 



SOLUTION 

First note that the force-couple system at F cannot be equivalent because of the direction of the force [The 
force of the other four systems is (10 lb)i]. Next, move each of the systems to the origin O', the forces remain 
unchanged. 

A: M a = IM 0 = (5 lb • ft)j + (15 lb • ft)k + (2 ft)k x (10 lb)i 

= (25 lb - ft) j -i- (15 lb - ft)k 

D: M d = EM 0 = -(5 lb • ft) j + (25 lb • ft)k 

+ [(4.5 ft)i + (1 ft)j + (2 ft)k]xl0 lb)i 
= (15 lb • ft)i + (15 lb • ft)k 

G: M c =IM 0 = (15 lb • ft)i + (15 lb - ft)j 
I : M / =ZM / = (15 lb - ft)j - (5 lb • ft)k 

+ [(4.5 ft)i + (1 ft)j] x (10 lb)j 

= (15 lb • ft) j - (15 lb ft)k 

The equivalent force-couple system is the system at corner D. A 
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PROBLEM 3.105 (Continued) 


(c) 



+— R d = +1000 - 600 - 400 = 0 

+)M d = -(1000 N)(0.450 m) + (600 N)(0.300 m) + (400 N)(0.1500 m) 
= -210 N-m 


j = 00 System reduces to a couple. 

M D =210N-m^)4 
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PROBLEM 3.106 

Three stage lights are mounted on a pipe as shown. 
The lights at A and B each weigh 4.1 lb, while the one 
at C weighs 3.5 lb. (a) If d — 25 in., determine the 
distance from D to the line of action of the resultant 
of the weights of the three lights, (b) Determine the 
value of d so that the resultant of the weights passes 
through the midpoint of the pipe. 


SOLUTION 


44 lb 

44 It 

3.5 lb 


L 

K 

A 

i e, 

i c. — 





D B c> •= 


For equivalence, 



IF : 

y 

-4. 1-4. 1-3.5 = -R or R = 11.71b, 


XF d : 

-(10 in.)(4.1 lb) - (44 in.)(4.1 lb) 

-[(4.4 + d) in.](3.5 lb) = -(L in.)(l 1 .7 lb) 

or 


375.4 + 3.5J = 11.7L (d,Linin.) 

(a) 


d =25 in. 

We have 


375.4 + 3.5(25) = 11. 7L or L = 39.6 in. 


The resultant passes through a point 39.6 in. to the right of D. 
(b) L- 42 in. 

We have 375.4 + 3.5^ = 11.7(42) 


◄ 

or d - 33.1 in. A 
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PROBLEM 3.107 

The weights of two children sitting at ends A and B of a seesaw 
are 84 lb and 64 lb, respectively. Where should a third child sit 
so that the resultant of the weights of the three children will 
pass through C if she weighs (a) 60 lb, ( b ) 52 lb. 


SOLUTION 


84 

a 



i- — - 


A 

/fr) i 



v . — ^ S: — 



Wlb 


(a) For the resultant weight to act at C, EM r = 0 W c = 60 lb 

Then (84 lb)(6 ft) - 60 lb(<i) - 64 lb(6 ft) = 0 

d = 2.00 ft to the right of C M 

( b ) For the resultant weight to act at C, EM c = 0 W c — 52 lb 

Then (84 lb)(6 ft) - 52 lb (d) - 64 lb(6 ft) = 0 


d - 2.3 1 ft to the right of C A 
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PROBLEM 3.108 

A couple of magnitude M — 54 lb ■ in. and the three forces shown are 
applied to an angle bracket, (a) Find the resultant of this system of 
forces, (b) Locate the points where the line of action of the resultant 
intersects line AB and line BC. 


SOLUTION 

(a) We have IF: R = (— lOj) + (30 cos 60°)i 

+ 30 sin 60° j + ( — 45i) 

= -(30 lb)i + (15.9808 lb)j 

or R = 34.0 lb 2^ 28.0° ◄ 

( b ) First reduce the given forces and couple to an equivalent force-couple system (R, M B ) at B. 


We have 

IM b : 

M b = (54 lb • in) + (12 in.)(10 lb) - (8 in.)(45 lb) 





= -186 lb • in. . a 



Then with R at D, 

IM b : 

k. i — 

l 

B 

-186 lb • in = <7(15.9808 lb) L — 


1 

or 


<7 = 1 1.64 in. v 

E 


c 
L 

and with R at E, 

IM b : 

-186 lb in = C(30 lb) 

• 

C_ 


or C - 6.2 in. 

The line of action of R intersects line AB 1 1.64 in. to the left of B and intersects line BC 6.20 in. 
below B. A 
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PROBLEM 3.109 

A couple M and the three forces shown are applied to an angle bracket. 
Find the moment of the couple if the line of action of the resultant of the 
force system is to pass through (a) Point A, (b) Point B, (c) Point C. 


SOLUTION 




In each case, 

we must have Mf = 0 



(a) 

+)M b a = ZM a =M + (12 in.)[(30 lb)sin60°] - (8 in.)(45 lb) = 0 




M =+48.231 lb -in. 

M = 48.2 lb •in.') 

◄ 

(b) 

+)M§ = ZM b = M + (12 in.) (10 lb) - (8 in.)(45 lb) = 0 




M =+240 lb -in. 

M = 240 lb •in.') 

◄ 

(c) 

+)M* = ZM C = M + (12 in.)(10 lb) - (8 in.)[(30 lb)cos60°] = 0 




M =0 

M = 0 

◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


273 





T~ 

2 in. 

i 

T 

2 in. 

_JL 



140 lb 
30° 


60 lb 


PROBLEM 3.110 

A 32-lb motor is mounted on the floor. Find the resultant of the 
weight and the forces exerted on the belt, and determine where 
the line of action of the resultant intersects the floor. 


SOLUTION 


14-0 siu30® 



We have 

IF : (60 lb)i - (32 lb) j + (140 lb)(cos 30°i + sin 30° j) = R 
R = (181.244 lb)i + (38.0 lb)j 

or R = 185.2 lb ^ 11.84° ◄ 

We have YM 0 : YM a -xR y 

- [(140 lb) cos 30°] [(4 + 2 cos 30°)in.] - [(140 lb) sin 30°][(2 in.) sin 30°] 
-(60 lb) (2 in.) = x(38.0 lb) 

x = —*—(-694.97 - 70.0 - 120) in. 

38.0 


and x = -23.289 in. 


Or resultant intersects the base (x-axis) 23.3 in. to the left of 

the vertical centerline (v-axis) of the motor. A 
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PROBLEM 3.112 

Solve Problem 3.111, assuming that P — 60 N. 

PROBLEM 3.111 A machine component is subjected to the 
forces and couples shown. The component is to be held in 
place by a single rivet that can resist a force but not a couple. 
For P — 0, determine the location of the rivet hole if it is to 
be located (a) on line FG, (b) on line GH. 


SOLUTION 

See the solution to Problem 3.1 1 1 leading to the development of Equation (1): 


and 

M c = -(55.544 + 0.13P) N • m 
R x = (152.142+ P) N 


For 

P = 60N 


we have 

R x = (152.142 + 60) 


Then with R at I, 

= 212.14 N 

M c =-[55.544 + 0.13(60)] 

= -63.344 N-m 

IM C : -63.344 N • m = -a(244.53 N) 


or 

a = 0.259 m 


and with R at J, 

EM C : -63.344 N- m = -6(212.14 N) 


or 

b = 0.299 m 


(a) The rivet hole is 

0.299 m above G. 

◄ 

(b) The rivet hole is 

0.259 m to the right of G. 

◄ 
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PROBLEM 3.113 

A truss supports the loading shown. Determine the equivalent 
force acting on the truss and the point of intersection of its 
line of action with a line drawn through Points A and G. 
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100 lb 



36 in. 


160 lb 


46 in. ^ 


B 255*400 lb 


1 


10 in. c 


t 


3 


901b 

65° 


66 in. - 


PROBLEM 3.114 

Four ropes are attached to a crate and exert the forces shown. 
If the forces are to be replaced with a single equivalent force 
applied at a point on line AB, determine (a) the equivalent 
force and the distance from A to the point of application of 
the force when a = 30°, (b) the value of a so that the single 
equivalent force is applied at Point B. 


SOLUTION 


We have 


\oo 





\W) lfc> 


4oo \b 

V, ■ 

'<4o ib 



(a) For equivalence, 
or 


or 


-100 cos 30° + 400 cos 65° + 90 cos 65° = R x 
R x = 120.480 lb 

Y,F y : 100 sin a + 160 + 400 sin 65° + 90 sin 65° = R y 
R y =(604.09 + 100 sin a) lb 


(1) 


With a = 30°, 
Then 


Also 


R y = 654.09 lb 

R = a/( 120.480) 2 + (654.09) 2 tang = 654 '° 9 
v 120.480 

= 665 lb or 6 = 79.6° 

IM A : (46 in.)(160 lb) + (66 in.)(400 lb) sin 65° 

+ (26 in.)(400 lb) cos 65° + (66 in.)(90 lb) sin 65° 
+ (36 in.)(90 lb) cos 65° = d( 654.09 lb) 


or 'EM A = 42, 435 lb • in. and d = 64.9 in. R = 665 lb ^ 79.6° ◄ 

and R is applied 64.9 in. to the right of A. -4 

(b) We have d =66 in. 


Then 


42,435 lb in = (66 in.)R y 


or R y = 642.95 lb 

Using Eq. (1): 642.95 = 604.09 + lOOsin a or a = 22.9° A 
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PROBLEM 3.115 

Solve Prob. 3.1 14, assuming that the 90-lb force is removed. 

PROBLEM 3.114 Four ropes are attached to a crate and exert 
the forces shown. If the forces are to be replaced with a single 
equivalent force applied at a point on line AB, determine 
(a) the equivalent force and the distance from A to the point of 
application of the force when a = 30°, (b) the value of a so 
that the single equivalent force is applied at Point B. 


SOLUTION 

l0o>b !>KA 


(a) For equivalence, ZF r : -(100 lb) cos 30° + (400 lb) sin 25° = R x 

or R x = 82.445 lb 

EF V : 1 60 lb + (100 lb) sin 30° + (400 lb) cos 25 ° = R y 
or R y = 572.52 lb 

R = 7(82.445) 2 + (572.52) = 578.43 lb 
572 52 

tan<9 = — or <9 = 81.806° 

82.445 

(46 in.)(160 lb) + (66 in.)(400 lb) cos 25° + (26 in.)(400 lb) sin 25° 

= d( 527.52 lb) 
d = 62.3 in. 

R = 578 lb 81.8° and is applied 62.3 in. to the right of A. -4 



( b ) We have d = 66.0 in. For R applied at B, 

ZM a : R y (66 in.) = (160 lb)(46 in.) + (66 in.)(400 lb)cos25° + (26 in.)(400 lb)sin25° 

R y = 540.64 lb 

ZF y : 1 60 lb + (100 lb) sin a + (400 lb) cos 25° = 540.64 lb 

a = 10.44° ◄ 
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340 N 


500 N 



200 mm 


600 N 


PROBLEM 3.116 

Four forces act on a 700 x 375-mm plate as shown, (a) Find 
the resultant of these forces. ( b ) Locate the two points where 
the line of action of the resultant intersects the edge of the 
plate. 


SOLUTION 

(a) 


( b ) 


R = EF 

= (-400 N + 1 60 N - 760 N)i 
+(600 N + 300 N + 300 N)j 
= -(1000 N)i + (1200 N)j 


R 


tan# 


e 


f ( 1000 N) 2 + (1200 N) 2 
1562.09 N 
' 1200 N \ 

K 1000 nJ 
-1.20000 
-50.194° 


M* = ErxF 

= (0.5 m)ix(300 N + 300 N)j 
= (300 N • m)k 

(300 N • m)k = xi x (1200 N)j 
x = 0.25000 m 
x — 250 mm 

(300 N m) = yjx(- 1000 N)i 
y = 0.30000 m 
y = 300 mm 



R = 1562 N ^ 50.2° ◄ 



Intersection 250 mm to right of C and 300 mm above C A 
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340 N 


500 N 



60 N 


200 mm 


600 N 


PROBLEM 3.117 

Solve Problem 3.116, assuming that the 760-N force is directed 
to the right. 

PROBLEM 3.116 Four forces act on a 700 x 375-mm plate as 
shown, (a) Find the resultant of these forces, (b) Locate the two 
points where the line of action of the resultant intersects the edge 
of the plate. 
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PROBLEM 3.118 

As follower AB rolls along the surface of member C, it exerts 
a constant force F perpendicular to the surface, (a) Replace F 
with an equivalent force-couple system at Point D obtained 
by drawing the perpendicular from the point of contact to the 
x-axis. (b) For a — 1 m and b - 2 m, determine the value of x 
for which the moment of the equivalent force-couple system 
at D is maximum. 
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SOLUTION 



For equivalence, 

IF: 

R - F a + F b + F c + F 0 
= -(17 N) j - (12 N) j - (1 6 N)k - (2 1 N)i 
= -(21 N)i - (29 N)j- (16 N)k 


IM C : 

M = r A/c x F A + r BIC xF s + r DIC x F 0 

M = [(0. 1 1 m) j - (0.03 m)k] x [-(17 N)]j 

+ [(0.02 m)i + (0. 1 1 m)j - (0.03 m)k] x [-(12 N)]j 
+ [(0.03 m)i + (0.03 m) j - (0.03 m)k] x [-(2 1 N)]i 
= -(0.5 1 N • m)i + [-(0.24 N • m)k - (0.36 N • m)i] 

+ [(0.63 N • m)k + (0.63 N • m) j] 

The equivalent force-couple system at C is 

R = -(21.0 N)i- (29.0 N)j- (16.00 N)k ◄ 
M = -(0.870 N • m)i + (0.630 N • m)j + (0.390 N • m)k ◄ 
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SOLUTION 

Equivalent force-couple at each pulley: 

Pulley B: R B = (145 N)(-cos20°j + sin20°k) -215 Nj 

= -(351 .26 N)j + (49.593 N)k 
M b = -(215 N -145 N)(0.075 m)i 
= -(5.25 N • m)i 

R c =(155 N + 240 N)(-sinlO°j - coslO°k) 
= -(68.591 N)j- (389.00 N)k 
M c = (240 N - 155 N)(0.075 m)i 
= (6.3750 N-m)i 

R = R b + R c = -(419.85 N)j - (339.41)k 
M a = M b + M c + r B/A x R b + r c/A x R c 


Pulley C: 


Then 


= -(5.25 N ■ m)i + (6.3750 N • m)i + 


10.225 
0 



or R = (420 N)j - (339 N)k ◄ 


j k 

0 0 

-351.26 49.593 


N-m 


' j k 

10.45 0 0 N-m 

0 -68.591 -389.00 

= (1. 12500 N • m)i + (163.892 N • m) j - (109.899 N • m)k 

or M A = (1. 125 N -m)i + (163.9 N-m)j- (109.9 N-m)k ◄ 
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SOLUTION 

R 


R = -(50 N) j - (300 N)i - (120 N)i - (250 N)k 

R = -(420 N)i - (50 N)j - (250 N)k 

r B = (0.2 m)i 

r D = (0.2 m)i + (0.16 m)k 

r E =(0.2 m)i-(0.1 m) j + (0. 1 6 m)k 

M a = r B x [-(300 N)i - (50 N)j] 

+r D x (-250 N)k + r x ( - 120 N)i 


i 

j 

k 


i 

j 

k 

0.2 m 

0 

0 

+ 

0.2 m 

0 

0.16 m 

-300 N 

-50 N 

0 


0 

0 

-250 N 


i j k 

+ 0.2 m -0.1m 0.16 m 
-120 N 0 0 

= -(10 N • m)k + (50 N • m)j - (19.2 N • m) j - (12 N • m)k 
Force-couple system at A is 


-(SO*)} 


^( 300 N)i 


s' . 0. 1*1 

-(ZiorjA 


-(\2o*)i 


R = -(420 N)i - (50 N)j - (250 N)k = (30.8 N • m)j - (220 N • m)k ◄ 
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PROBLEM 3.122 



While using a pencil sharpener, a student applies 
the forces and couple shown, (a) Determine the 
forces exerted at B and C knowing that these 
forces and the couple are equivalent to a force- 
couple system at A consisting of the force 
R = (2.6 lb)i + R y j - (0.7 lb)k and the couple 
M* = M x i + (1.0 lb • ft)j - (0.72 lb • ft)k. 

(b) Find the corresponding values of R and M x . 
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PROBLEM 3.123 

A blade held in a brace is used to tighten a screw at A. 

(a) Determine the forces exerted at B and C, knowing 
that these forces are equivalent to a force-couple 
system at A consisting of R = -(30 N)i + RJ + R k 
and M* = -(12 N • m)i. ( b ) Find the corresponding 
values of R x and R . (c) What is the orientation of the 
slot in the head of the screw for which the blade is least 
likely to slip when the brace is in the position shown? 


SOLUTION 


( a ) Equivalence requires 


or 


Equating the i coefficients: 
Also, 


IF: R = B + C 

-(30 N)i + R y j + R z k - -Bk + (~C X i + CJ + C z k) 
i: -30 N = -C„ or C = 30N 


ZM 


M 1 - r B/A x B + r OA X C 


or 


Equating coefficients: 


or B - 80 N 
or C„ = 0 


-(12 N-m)i = [(0.2 m)i + (0.15 m)j]x(-B)k 

+(0.4 m)i x [-(30 N)i + CJ + C,k] 

-12 N-m = -(0.15 m )B 
0 = (0.4 m )C y 

0 = (0.2 m)(80 N) - (0.4 m)C z or C,= 40 N 

B = -(80.0 N)k C = -(30.0 N)i + (40.0 N)k ◄ 

( b ) Now we have for the equivalence of forces 

-(30 N)i + RJ + R . k = -(80 N)k + [(-30 N)i + (40 N)k] 

Equating coefficients: j : R y = 0 R, = 0 ^ 

k : R, = -80 + 40 or R z = -40.0 N ◄ 

(c) First note that R = -(30 N)i - (40 N)k. Thus, the screw is best able to resist the lateral force R 

when the slot in the head of the screw is vertical. M 
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PROBLEM 3.124 

In order to unscrew the tapped faucet A, a plumber uses two 
pipe wrenches as shown. By exerting a 40-lb force on each 
wrench, at a distance of 10 in. from the axis of the pipe and in a 
direction perpendicular to the pipe and to the wrench, he 
prevents the pipe from rotating, and thus avoids loosening or 
further tightening the joint between the pipe and the tapped 
elbow C. Determine (a) the angle 9 that the wrench at A should 
form with the vertical if elbow C is not to rotate about the 
vertical, ( b ) the force-couple system at C equivalent to the two 
40-lb forces when this condition is satisfied. 


SOLUTION 


We first reduce the given forces to force-couple systems at A and B, noting that 

IM a I =IM b I = (40 lb)(10 in.) 

= 400 lb • in. 


We now determine the equivalent force-couple system at C. 

R = (40 lb)(l - cos #)i - (40 lb) sin #j (1) 

=M a +M b + (15 in.)kx[-(40 lb)cos#i - (40 lb)sin#j] 

+ (7.5 in.)k x (40 lb)i 

= + 400 - 400 - 600 cos 6\ + 600 sin 9i + 300j 
= (600 lb • in.) sin 9\ + (300 lb • in.)(l - 2 cos 6) j (2) 


(a) For no rotation about vertical, y component of must be zero. 

l-2cos# = 0 
cos# = 1/2 


(b) For 6 = 60.0° in Eqs. (1) and (2), 

R = (20.0 lb)i - (34.641 lb)j; M* = (5 19.62 lb • in.)i 


9 = 60.0° ◄ 


R = (20.0 lb)i - (34.6 lb)j; = (520 lb • in.)i ◄ 
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PROBLEM 3.125 

Assuming 6 - 60° in Prob. 3.124, replace the two 40-lb forces 
with an equivalent force-couple system at D and determine 
whether the plumber’s action tends to tighten or loosen the 
joint between (a) pipe CD and elbow D. ( b ) elbow D and 
pipe DE. Assume all threads to be right-handed. 

PROBLEM 3.124 In order to unscrew the tapped faucet A, 
a plumber uses two pipe wrenches as shown. By exerting a 
40-lb force on each wrench, at a distance of 10 in. from the 
axis of the pipe and in a direction perpendicular to the pipe 
and to the wrench, he prevents the pipe from rotating, and 
thus avoids loosening or further tightening the joint between 
the pipe and the tapped elbow C. Determine (a) the angle 6 
that the wrench at A should form with the vertical if elbow C 
is not to rotate about the vertical, ( b ) the force-couple system 
at C equivalent to the two 40-lb forces when this condition 
is satisfied. 


SOLUTION 

The equivalent force-couple system at C for 6 — 60° was obtained in the solution to Prob. 3.124: 

R = (20.0 lb)i — (34.641 lb)j 
M* = (519.62 lb in.ji 

The equivalent force-couple system at D is made of R and M R n where 

M c = M c + r c/D x R 

= (5 19.62 lb • in.)i + (25.0 in.jj x [(20.0 lb)i - (34.641 lb) j] 

= (5 19.62 lb • in.)i - (500 lb • in.)k 

Equivalent force-couple at D: 

R = (20.0 lb)i - (34.6 lb)j; = (520 lb • in.)i - (500 lb • in.)k ◄ 

(a) Since M R D has no component along the y-axis, the plumber’s action will neither loosen 

nor tighten the joint between pipe CD and elbow. M 

( b ) Since the x component of is the plumber’s action will tend to tighten 

the joint between elbow and pipe DE. M 
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PROBLEM 3.126 

As an adjustable brace BC is used to bring a wall into plumb, the 
force-couple system shown is exerted on the wall. Replace this 
force-couple system with an equivalent force-couple system at A 
HR- 21.2 lb and M = 13.25 lb • ft. 
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SOLUTION 


We have 


We have 


We have 



-(375 N) j - (260 N) j - (400 N) j = R 
-(1035 N)j = R 


or R - 1035 N ◄ 


ZM , : F a (z a ) + F b (z b ) + F c (z c ) = R(z D ) 

(375 N)(3 m) + (260 N)(0.5 m) + (400 N)(4.75 m) = (1035 N )(z D ) 
z D = 3.0483 m or z D =3.05m4 

z : F a (x a ) + F b (x b ) + F c (x c ) = R(x d ) 

375 N(1 m) + (260 N)(1.5 m) + (400 N)(4.75 m) = (1035 N)(x D ) 

x D = 2.5749 m or x D - 2.57 m A 
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PROBLEM 3.128 

Three children are standing on a 5x5-mraft. The weights of 
the children at Points A, B, and C are 375 N, 260 N, and 400 N, 
respectively. If a fourth child of weight 425 N climbs onto the 
raft, determine where she should stand if the other children 
remain in the positions shown and the line of action of the 
resultant of the four weights is to pass through the center of 
the raft. 


SOLUTION 


We have 


We have 


We have 



-(375 N) j - (260 N)j - (400 N)j - (425 N)j = R 
R = -(1460 N)j 

F A (z A ) + F B (z B ) + F c (zc ) + F D (z D ) — R(z H ) 

(375 N)(3 m) + (260 N)(0.5 m) + (400 N)(4.75 m) 

+ (425 N)(z D ) = (1460 N)(2.5 m) 

z D - 1.16471m or z D - 1.165 m A 

YM Z : F a (x a ) + F b ( x B ) + F c (x c ) + F D ( x D ) = R(x H ) 

(375 N)(l m) + (260 N)(l .5 m) + (400 N)(4.75 m) 

+ (425 N)(x„ ) = (1460 N)(2.5 m) 

x D = 2.3235 m or x D = 2.32 m A 
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SOLUTION 

We have 




Assume that the resultant R is applied at Point P whose coordinates are (x, y, 0). 
Equivalence then requires 

ZF_: -105-90-160-50 = -R 


YM x : (5 ft)(105 lb) - (1 ft)(90 lb) + (3 ft)(160 lb) 

+ (5.5 ft)(50 lb) = — v(405 lb) 

or y = -2.94 ft 

IM y : (5.5 ft)(105 lb) + (12 ft)(90 lb) + (14.5 ft)(160 lb) 
+ (22.5 ft)(50 lb) = -x(405 lb) 

or x = 12.60 ft 

R acts 12.60 ft to the right of member AB and 2.94 ft below member PC. 


or R = 405 lb ◄ 
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SOLUTION 


Since R acts at G, equivalence then requires that XM C of the applied system of forces also be zero. Then at 


G : IM X : -(a + 3) ft x (90 lb) + (2 ft)(105 lb) 

+ (2.5 ft)(50 lb) = 0 

IM y : -(9 ft)(105 ft) - (14.5 - b) ft x (90 lb) 
+ (8 ft)(50 lb) = 0 


or a — 0.722 ft A 


or b = 20.6 ft ◄ 
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224 N 


PROBLEM 3.131* 

A group of students loads a 2x3.3-m flatbed trailer with two 
0.66 x 0.66x0. 66-m boxes and one 0.66 x 0.66 xl.2-m box. Each 
of the boxes at the rear of the trailer is positioned so that it is 
aligned with both the back and a side of the trailer. Determine the 
smallest load the students should place in a second 0.66 x 0.66 x 
1.2-m box and where on the trailer they should secure it, without 
any part of the box overhanging the sides of the trailer, if each 
box is uniformly loaded and the line of action of the resultant of 
the weights of the four boxes is to pass through the point of 
intersection of the centerlines of the trailer and the axle. 
(Hint: Keep in mind that the box may be placed either on its 
side or on its end.) 


SOLUTION 



For the smallest weight on the trailer so that the resultant force of the four weights acts over the axle at the 
intersection with the center line of the trailer, the added 0.66 x 0.66 x 1.2-m box should be placed adjacent to 
one of the edges of the trailer with the 0.66x0. 66-m side on the bottom. The edges to be considered are based 
on the location of the resultant for the three given weights. 

We have IF: - (224 N)j - (392 N)j - (176 N) j = R 

R = -(792 N)j 

We have IM - (224 N)(0.33 m) - (392 N)(1.67 m) - (176 N)(1.67 m) = (-792 N)(x) 

x R - 1.29101 m 

We have IM x : (224 N)(0.33 m) + (392 N)(0.6 m) + (176 N)(2.0 m) = (792 N)(z) 

z R = 0.83475 m 

From the statement of the problem, it is known that the resultant of R from the original loading and the 
lightest load W passes through G, the point of intersection of the two center lines. Thus, XM (; = 0. 

Further, since the lightest load W is to be as small as possible, the fourth box should be placed as far from G 
as possible without the box overhanging the trailer. These two requirements imply 

(0.33 m < x < 1 m) (1 .5 m < z < 2.97 m) 
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PROBLEM 3.131* (Continued) 


x L = 0.33 m 


G: IM Z : (1-0.33) mxW L -(1.29101-1) mx(792 N) = 0 
W L = 344.00 N 


With 
at 
or 

Now we must check if this is physically possible, 

at G: IM X : (z L -1.5) mx 344 N)- (1.5 -0.83475) mx (792 N) = 0 

or z L = 3.032 m 


which is not acceptable. 
With 


z, = 2.97 m: 


at 


or 


G: IM X : (2.97-1.5) mxW L -(1.5 -0.83475) mx(792 N) = 0 


W L = 358.42 N 


Now check if this is physically possible, 


at 


or 


G: (1 — x L ) mx (358.42 N) — (1.29101 — 1) mx (792 N) = 0 


x L - 0.357 m ok! 


The minimum weight of the fourth box is 


W, = 358 N A 


And it is placed on end A (0.66 x 0.66-m side down) along side AB with the center of the box 0.357 m 
from side AD. A 
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PROBLEM 3.132* 



224 N 


Solve Problem 3.131 if the students want to place as much 
weight as possible in the fourth box and at least one side of 
the box must coincide with a side of the trailer. 

PROBLEM 3.131* A group of students loads a 2x3.3-m 
flatbed trailer with two 0.66 x0.66x0.66-m boxes and one 
0.66 x 0.66 xl.2-m box. Each of the boxes at the rear of the 
trailer is positioned so that it is aligned with both the back 
and a side of the trailer. Determine the smallest load the 
students should place in a second 0.66 x 0.66 xl.2-m box and 
where on the trailer they should secure it, without any part 
of the box overhanging the sides of the trailer, if each box is 
uniformly loaded and the line of action of the resultant of 
the weights of the four boxes is to pass through the point of 
intersection of the centerlines of the trailer and the axle. 
(Hint: Keep in mind that the box may be placed either on its 
side or on its end.) 


SOLUTION 


First replace the three known loads with a single equivalent force R applied at coordinate (x R , 0, z K ). 


Equivalence requires 


or 


ZF y : - 224 - 392 - 176 = -R 

R = 792 N . 

IM X : (0.33 m)(224 N) + (0.6 m)(392 N) 
+ (2 m)(176 N) = z r (792 N) 


or 


z. R = 0.83475 m 

IM,: -(0.33 m)(224 N)-(1.67 m)(392 N) 
-(1.67 m)(176 N) = x R (792 N) 



or x R = 1.29101m 

From the statement of the problem, it is known that the resultant of R and the heaviest loads W w passes 
through G, the point of intersection of the two center lines. Thus, 

XM C = 0 

Further, since W# is to be as large as possible, the fourth box should be placed as close to G as possible while 
keeping one of the sides of the box coincident with a side of the trailer. Thus, the two limiting cases are 

x H = 0.6 m or z H - 2.7 m 
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PROBLEM 3.132* (Continued) 


Now consider these two possibilities. 


With x H = 0.6 m 


at 


G: HAG: (1-0.6) mxW H -(1.29101-1) mx(792 N) = 0 


or 


W H =576.20 N 


Checking if this is physically possible 

at G: IM x : (z H -1.5) mx (576.20 N)- (1.5 -0.83475) mx (792 N) = 0 

or z H = 2.414 m 

which is acceptable. 

With z H = 2.7 m 

at G: IM X : (2.7 — 1.5) mx W H — (1.5 — 0.83475) mx (792 N) = 0 

or W H = 439 N 

Since this is less than the first case, the maximum weight of the fourth box is 

W H = 576 N ◄ 

and it is placed with a 0.66xl.2-m side down, a 0.66-m edge along side AD, and the center 2.41 m 

from side DC. A 
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PROBLEM 3.133* 

A piece of sheet metal is bent into the shape shown and is acted 
upon by three forces. If the forces have the same magnitude P, 
replace them with an equivalent wrench and determine (a) the 
magnitude and the direction of the resultant force R, ( b ) the pitch 
of the wrench, (c) the axis of the wrench. 
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PROBLEM 3.133* (Continued) 


(c) The components of the wrench are (R, M, ), where Mj = M 1 A, axis , and the axis of the wrench is 
assumed to intersect the xy - plane at Point Q, whose coordinates are (x, y, 0). Thus, we require 


where 

Then 


M ; = r e xR s 
M, = M 0 xMj 


aP 


j + ^k 

J 2 


5 

2 


ciPk - (xi + yj) + Pk 



Equating coefficients: 


i : -aP-yP or y = -a 
j: —aP — —xP or x — a 


The axis of the wrench is parallel to the z-axis and intersects the xy-plane at 


x = a,y = -a. A 
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PROBLEM 3.134* 

Three forces of the same magnitude P act on a cube of side a as 
shown. Replace the three forces by an equivalent wrench and 
determine (a) the magnitude and direction of the resultant force 
R, ( b ) the pitch of the wrench, (c) the axis of the wrench. 
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PROBLEM 3.135* 

The forces and couples shown are applied to two screws as a piece 
of sheet metal is fastened to a block of wood. Reduce the forces and 
the couples to an equivalent wrench and determine (a) the resultant 
force R, ( b ) the pitch of the wrench, (c) the point where the axis of 
the wrench intersects the xz-plane. 
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PROBLEM 3.135* (Continued) 


(c) We have 


We require 


From i: 


M* = +M 2 

M 2 =M* -M, =(35 lb in.)i 

^2 ~ V QIO 

(35 lb • in.)i = (xi + zk) x [-(2 1 lb) j] 
35i = — (2bc)k + (2 lz)i 

35 = 21z 
z = 1.66667 in. 


Fromk: 0--2lx 

z = 0 

The axis of the wrench is parallel to the v-axis and intersects the xj-plane at x = 0, z = 1.667 in. 


◄ 
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!/ 


PROBLEM 3.136* 

r 

1 N-m 

The forces and couples shown are applied to two screws as a piece 


.A 

of sheet metal is fastened to a block of wood. Reduce the forces and 


15 N 

the couples to an equivalent wrench and determine (a) the resultant 

/Ac 

N. 

force R, (b) the pitch of the wrench, (c) the point where the axis of 

<4 


the wrench intersects the xz-plane. 





20 N / 

\ /A 


4 N*m ^ \ 1 



100 mm 


SOLUTION 


First, reduce the given force system to a force-couple system. 

We have IF: - (20 N)i - (15 N)j = R R = 25 N 

We have £M 0 : X(r 0 xF) + EM c = Mq 

M* = -20 N(0.1 m)j - (4 N • m)i - (1 N • m)j 
= -(4 N • m)i — (3 N • m) j 


(a) 


R = -(20.0 N)i — (15.00 N)j ◄ 


(b) We have 


Pitch: 


K 

= (— 0.8i - 0.6 j) • [-(4 N • m)i - (3 N • m)j] 


= 5 Nm 

_M l _5N-m 
R ~ 25 N 


= 0.200 m 



or p = 0.200 m 4 

(c) From above, note that 

Mj =M* 

Therefore, the axis of the wrench goes through the origin. The line of action of the wrench lies in the 
xy- plane with a slope of 

3 <4 

y= 4 X 4 
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PROBLEM 3.137* (Continued) 


(c) We have +M 2 

M 2 = Mq -Mj = [(-15. 6i + 2j - 82.4k) - (40. 102 j - 38.192k)] N • m 
= -(15.6 N • m)i + (42.102 N • m)j - (44.208 N • m)k 

We require M 2 = r Ql0 x R 

(—15.61 + 42. 102 j - 44.208k) = (xi + zk) x (84j - 80k) 

= (84z)i + (80;c)j - (84.r)k 

Fromi: -15.6 = 84z 

z = -0.185714 m 

or z = -0.1 857 m 

From k: -44.208 = -84x 

x- 0.52629 m 

or x — 0.526 m 

The axis of the wrench intersects the xz-plane at 

x- 0.526 m y = 0 z- -0.1857 m 4 
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PROBLEM 3.140* 


Two ropes attached at A and B are used to move the trunk of a 
fallen tree. Replace the forces exerted by the ropes with an 
equivalent wrench and determine (a) the resultant force R, 
( b ) the pitch of the wrench, (c) the point where the axis of the 
wrench intersects the yz-plane. 
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( b ) We have 


Finally, 


(c) We have 


PROBLEM 3.140* (Continued) 


R = 100 J(23) 2 +(5) 2 +(18.5) 2 =2993.7 N 


X axis = — = — - — (23i + 5j + 18.5k) 
3X18 R 29.937 




29.937 

1 


(231 + 5j + 18.5k) • (— 3600i + 6300j + 1800k) 


[(23)( — 36) + (5)(63) + (18.5)(18)] 


0.29937 

= -601.26 N m 

Mj _ -601.26 N m 
R 2993.7 N 


P = -0.201m ◄ 


Ml — -^l^-axis 

= (-601.26 N m)x — - — (23i + 5j + 18.5k) 

29.937 

M l = -(461.93 N • m)i - (100.421 N • m)j- (371.56 N • m)k 

M 2 =Mfl -Mj 

= (-3600i + 6300j + 1800k) 

- (-46 1 .93i - 100.42 lj - 37 1 ,56k) 

= -(3138.1 N m)i + (6400.4 N-m)j + (2171.6 N m)k 


For equivalence: 
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PROBLEM 3.141* 

Determine whether the force-and-couple system shown can be 
reduced to a single equivalent force R. If it can, determine R 
and the point where the line of action of R intersects the 
yz-plane. If it cannot be so reduced, replace the given system 
with an equivalent wrench and determine its resultant, its pitch, 
and the point where its axis intersects the yz-plane. 


SOLUTION 

First determine the resultant of the forces at D. We have 

d DA = V(-12 ) 2 + (9 ) 2 + (8 ) 2 - 17 in. 

d ED = V(-6) 2 +(0) 2 +(-8) 2 = 10 in. 

Then 

F D A=^ = (- 12 i + 9j + 8 k) 

= -(24 lb)i + (18 lb)j + (16 lb)k 
and 

F fc »=^ = (- 6 i- 8 k) 

= -(18 lb)i - (24 lb)k 

Then 

£F : R = F da + F ed 

= (-24i + 1 8 j + 1 6k + (- 1 8i - 24k) 
= -(42 lb)i + (18 lb)j - (8 lb)k 


For the applied couple 

d AK = y /(- 6 ) 2 + (— 6) 2 + (18) 2 = 6 VTT in. 

Then 

„ , 160 lb-in. , „ . 

M = 7 = — (— 6 i - 6 j + 18k) 

6VlI 


= - ' •[-( 1 lb • in.)i - (1 lb • in.)j + (3 lb • in.)k] 

vn 

To be able to reduce the original forces and couple to a single equivalent force, R and M 
must be perpendicular. Thus 


R-M =0 
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PROBLEM 3.141* (Continued) 


Substituting 


160 ? 

( — 42i + 1 8 j - 8k) • -= (-i - j + 3k) = 0 

VI 1 


or 


or 


160 

vn 


[(- 42)(— 1) + (18)(-1) + (— 8)(3)] = 0 


0 = 0 


R and M are perpendicular so that the given system can be reduced to the single equivalent force. 

R = -(42.0 lb)i + (18.00 lb)j - (8.00 lb)k 

Then for equivalence, 


Thus, we require 
where 

Substituting: 


Equating coefficients: 




M = r P/D x R 


t pid = ~( 12 in -)i + [(j - 3)in.]j + (z in.)k 


160 

vn 


i j k 

(— i — j + 3k) = -12 (v-3) z 
-42 18 -8 

= K.v - 3)(— 8) - (z)(18)]i 
+ [(z)(-42)-(-12)(-8)]j 
+ [( — 12)(1 8) - (y - 3)(-42)]k 


j: -^£ = -42z-96 


k: 


Vn 

480 

vn 


or z- -1.137 in. 
216 + 42(y-3) or y = 11.59 in. 


The line of action of R intersects the yz-plane at x = 0 y = 1 1 .59 in. z = -1.137in. 
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PROBLEM 3.142* 

Determine whether the force-and-couple system shown can be 
reduced to a single equivalent force R. If it can, determine R 
and the point where the line of action of R intersects the 
yz-plane. If it cannot be so reduced, replace the given system 
with an equivalent wrench and determine its resultant, its 
pitch, and the point where its axis intersects the yz-plane. 


SOLUTION 

First, reduce the given force system to a force-couple at the origin. 

We have XF : F A + F c = R 

(40 mm)i + (60 mm)j - (120 mm)k 


and 

We have 


EM, 


R = (50 N)k + 70 N 

= (20N)i + (30 N)j-(10N)k 
R = 37.417 N 

r R 


140 mm 


E(r 0 xF) + EM c =M 


o 


M3 = [(0. 12 m)j x (50 N)k] + { (0. 16 m)i x [(20 N)i + (30 N)j - (60 N)k] } 


+ (10N -in) 


+ (14 N • m) 


(160 mm)i - (120 mm)j 
200 mm 

(40 mm)i - (120 mm)j + (60 mm)k 
140 mm 


Mj = (18 N • m)i - (8.4 N • m)j + (10.8 N • m)k 

To be able to reduce the original forces and couples to a single equivalent force, R and M must be 
perpendicular. Thus, R M = 0. 

Substituting 

(20i + 30j - 10k) • (181 — 8.4j + 10.8k) = 0 


or 


or 


(20)(18) + (30)(— 8.4) + (—10X10.8) = 0 


0 = 0 


R and M are perpendicular so that the given system can be reduced to the single equivalent force. 

R = (20.0 N)i + (30.0 N)j- (10.00 N)k ◄ 
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PROBLEM 3.144* 

Show that, in general, a wrench can be replaced with two forces chosen in such a way that one force passes 
through a given point while the other force lies in a given plane. 


SOLUTION 



First, choose a coordinate system so that the xy-plane coincides with the given plane. Also, position the 
coordinate system so that the line of action of the wrench passes through the origin as shown in Figure a. 
Since the orientation of the plane and the components (R, M) of the wrench are known, it follows that the 
scalar components of R and M are known relative to the shown coordinate system. 

A force system to be shown as equivalent is illustrated in Figure b. Let A be the force passing through the 
given Point P and B be the force that lies in the given plane. Let b be the x-axis intercept of B. 

The known components of the wrench can be expressed as 

R = R x i + R y j + 7?,k and M = M x i + M y j 4- M, k 

while the unknown forces A and B can be expressed as 

A = A A .i + A y j + A,k and B = t3 t i + ZLk 

Since the position vector of Point P is given, it follows that the scalar components (x, y, z ) of the 
position vector r r are also known. 

Then, for equivalence of the two systems, 



R x = A + b x 

(1) 

™r 

■< 

ii 

os 

(2) 

XF : : 

R — A, +B 

Z Z Z 

(3) 

™ x : 

M x = y A z - 

(4) 

'EM y : 

M y = zA x - xA z - bB : 

(5) 

EM-. 

M : = xA y - yA x 

(6) 


Based on the above six independent equations for the six unknowns (A x , A y , A,, B x , B r , b ), there 
exists a unique solution for A and B. 

From Equation (2), A y = R. 4 
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PROBLEM 3.144* (Continued) 


Equation (6): 


Equation (1): 


Equation (4): 


Equation (3): 


Equation (5): 


A,. = 


B, = R, - 


A = 


- \(xR y - M 7 ) 


A 

{y 

A 

v y 


(xR —M) 


B =R 

Z Z 


-| (M X + Z R V ) 

y 

~\(M x + zR v ) 


b = 


\y, 

(xM x + yM y + zM z ) 
(M x - yR + zR y ) 


◄ 

◄ 

◄ 

◄ 

◄ 
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PROBLEM 3.145* 

Show that a wrench can be replaced with two perpendicular forces, one of which is applied at a given point. 


SOLUTION 



First, observe that it is always possible to construct a line perpendicular to a given line so that the constructed 
line also passes through a given point. Thus, it is possible to align one of the coordinate axes of a rectangular 
coordinate system with the axis of the wrench while one of the other axes passes through the given point. 

See Figures a and b. 

We have R = Rj and M = Mj and are known. 

The unknown forces A and B can be expressed as 

A = A A .i + A v j + A,k and B = 5 t i + 5 y j + ZTk 

The distance a is known. It is assumed that force B intersects the xz-plane at (x, 0, z). Then for equivalence, 


ZF X : 

0 = A + B X 

(1) 

ZF y : 

R = Ay + By 

(2) 

ZFf 

0 = \+B z 

(3) 


0 = ~ZBy 

(4) 

YMy. 

M = -aA z - xB. + z.B x 

(5) 

ZM z : 

0 = aA v + xB v 

y y 

(6) 

Since A and B are made perpendicular, 

A B 

= 0 or A B + A B + A — 0 

a. * y y z z 

(7) 

There are eight unknowns: 

A x , A y , A., B x , By, B z , X, Z 



But only seven independent equations. Therefore, there exists an infinite number of solutions. 
Next, consider Equation (4): 0 = - z.B y 

If B y = 0, Equation (7) becomes A X B X + A Z B Z = 0 

Using Equations (1) and (3), this equation becomes A x + A? = 0 
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PROBLEM 3.145* (Continued) 


Since the components of A must be real, a nontrivial solution is not possible. Thus, it is required that B y ^ 0, 
so that from Equation (4), z — 0. 

To obtain one possible solution, arbitrarily let A x = 0. 


{Note: Setting A , A., or B equal to zero results in unacceptable solutions.) 
The defining equations then become 

0 =B X 
R = A V +B V 

y y 

0 = A+B Z 
M —— aA z - xB z 
0 = aA„ + xB„ 


Then Equation (2) can be written 
Equation (3) can be written 

Equation (6) can be written 

Substituting into Equation (5)', 


or 


Substituting into Equation (7)', 


Ay^\ + A, 6- = 0 
\=R~B y 
B- = - A, 


x = -- 


aA y 

B, 


M —— ciA „ - 


R-B, 


-a- 


B 


(-A z ) 


y J 


A :-Vr B ' 


(R-B y )B y + 




aR 


f M 

— B„ | = 0 
aR 


or 


B„ = 


2 d 3 

a R 


y a 2 R 2 +M 2 


Then from Equations (2), (8), and (3), 


A=R- 


2 t>2 

a R 


RM~ 


a 2 R 2 +M 2 a 2 R 2 +M 2 


z aR 


a 2 R 3 ^ 
y a 2 R 2 +M 2 j 


aR 2 M 

a 2 R 2 +M 2 


B_ =- 


aR 2 M 

a 2 R 2 +M 7 


(1)' 

(2) 

( 3 ) 

( 5 ) ' 

(6) 

(7)' 
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PROBLEM 3.145* (Continued) 


In summary, 


A = — — ^ -(Mj-aRk) ◄ 

a 2 R 2 +M 2 

B = ~2^r~772 ^ aR i + Mk) 4 

a R +M 

Which shows that it 
a given point. 

Lastly, if R > 0 and 


is possible to replace a wrench with two perpendicular forces, one of which is applied at 
M > 0, it follows from the equations found for A and B that A v > 0 and B, > 0. 


From Equation (6), x < 0 (assuming a > 0). Then, as a consequence of letting A x = 0, force A lies in a plane 
parallel to the yz-plane and to the right of the origin, while force B lies in a plane parallel to the yz-plane but 
to the left to the origin, as shown in the figure below. 
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PROBLEM 3.146* 

Show that a wrench can be replaced with two forces, one of which has a prescribed line of action. 


SOLUTION 



First, choose a rectangular coordinate system where one axis coincides with the axis of the wrench and 
another axis intersects the prescribed line of action ( AA '). Note that it has been assumed that the line of action 
of force B intersects the xz- plane at Point P(x, 0, z). Denoting the known direction of line AA' by 

+ Ayj + Afk 


it follows that force A can be expressed as 

A = AA a = A(A X i + A y j + A, k) 


Force B can be expressed as 


B = + BJ + BM 


Next, observe that since the axis of the wrench and the prescribed line of action AA' are known, it follows that 
the distance a can be determined. In the following solution, it is assumed that a is known. 

Then for equivalence, 



o = aa x+ b x 

(1) 

ZF y : 

R = AA y + By 

(2) 

*F Z -- 

0 = AA Z + B Z 

(3) 


0 
II 

1 

kL 

to 

v: 

(4) 

ZM y : 

M = -a A A, + zB x - xB, 

(5) 

ZM_ X : 

0 = -a AA V + xBy 

(6) 


Since there are six unknowns (A, B x , B y , B , x, z) and six independent equations, it will be possible to 
obtain a solution. 
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PROBLEM 3.146* (Continued) 


Case 1 : Let z = 0 to satisfy Equation (4). 
Now Equation (2): 

Equation (3): 


Equation (6): 

Substitution into Equation (5): 


Substitution into Equation (2): 


Then 


AA y =R-B y 


B t =~A\ 


aAA,. 


( ^ 
a 


By 


\ B y J 


M = -aAA. - 


■ 

( \ 


a 


B„ 

_ 

\ y y 


C R-B y ) 


(R-B )(-AA ) 


A = 


4 1*. 

aR 


R = -±-(^ 
AAaR 


B y A y + B x 


A.aR 2 


B = - 
- v A,aR-AM 


A = — 


y 

MR 


R 


A,aR — A y M ^ aR ^ 

y M z 


B, = -A A,. = - 


AMR 


A.aR - A y M 


B = -AX. = *-- MR 

z A.aR - A y M 


In summary, 


B = - 


R 


A ~ - 


. aR . 

A, 

- v M z 


A a ◄ 


A.aR- A V M 


(A Mi + A.aR] + A.Mk) ◄ 


and 


x — a 


V B yj 


1 -R 


( A.aR - A y M \ 
v Amr2 


Note that for this case, the lines of action of both A and B intersect the x-axis. 


or x 


CL 4 

A : R 
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PROBLEM 3.146* (Continued) 


Case 2: Let ft v = 0 to satisfy Equation (4). 
Now Equation (2): 


A 


Equation (1): 

Equation (3): 

Equation (6): 

Substitution into Equation (5): 


ft, = -ft 




b z =-R 


V 

vA J 


aAA v = 0 which requires a - 0 


M - z 


-R 

f aT 

-x 

-R 

'O' 


2 



A v 

_ 

v y J. 

. 

_ 

K y J J 


or A,x - A r z = 


— \A y 
ft 1 y 


This last expression is the equation for the line of action of force B. 
In summary, 


A = 


B 


( ft ^ 


v ^ y j 

( ft A 


A, 


v^y J 


(-Aj-AJt) 


Assuming that A x , A , A z > 0, the equivalent force system is as shown below. 



Note that the component of A in the xz-plane is parallel to B. 
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— 100 inm— 

nr 

k 200 mm 

j— 


200 

mm 


7 

125 mm 


PROBLEM 3.147 

A 300-N force is applied at A as shown. Determine (a) the moment 
of the 300-N force about D, (b) the smallest force applied at B that 
creates the same moment about D. 


25 

.300 N 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


328 





15.3 in. 


PROBLEM 3.148 



The tailgate of a car is supported by the hydraulic lift BC. If the 
lift exerts a 125-lb force directed along its centerline on the ball 
and socket at B, determine the moment of the force about A. 


SOLUTION 

First note 


Then 


and 


Now 

where 


Then 


d CB = ^(12.0 in.) 2 +(2.33 in.) 2 
= 12.2241 in. 


cos 6 
sin 0 


12.0 in. 
12.2241 in. 

2.33 in. 
12.2241 in. 


r c£ = f cb cos 0' ~ f cb sin 0 j 


125 lb 
12.2241 in. 


[(12.0 in.)i - (2.33 in.) j] 



t bia = (15.3 in.)i - (12.0 in. + 2.33 in.) j 
= (15.3 in.)i - (14.33 in.) j 

M a = [(15.3 in.)i - (14.33 in.)j]x 125 ^ (12.0i - 2.33j) 

12.2241 in. 


= (1393.87 lb • in.)k 

= (116. 156 lb- ft )k or M A =116.2 lb- ft") ◄ 
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PROBLEM 3.150 

Section AB of a pipeline lies in the vz-plane and forms an angle 
of 37° with the /-axis. Branch lines CD and EF join AB as 
shown. Determine the angle formed by pipes AB and CD. 
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PROBLEM 3.151 


To lift a heavy crate, a man uses a block and tackle attached to the 
bottom of an I-beam at hook B. Knowing that the moments about the y 
and the z axes of the force exerted at B by portion A B of the rope are, 
respectively, 120 N • m and -460 N • m, determine the distance a. 
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SOLUTION 

We have 
where 

For 


and 


From Equation (3): 
From Equation (1): 


EM 0 : r A/Q xF-M 0 

r A/o = “( 4 in -)i + (■ 1 in -)j - id) k 

F = F( cos 9 cos (f)\ - sin 9\ + cos #sin 0k) 

F = 70 lb, 9 = 25° 


F = (70 lb)[(0.90631cos </>) i - 0.42262 j + (0.90631 sin 0)k] 

i j k 

M 0 = (70 lb) -4 11 -d in. 

-0.9063 1 cos 0 -0.42262 0.9063 1 sin (j) 

= (70 lb)[(9.9694 sin 0- 0.42262 d)i + (-0.9063 Id cos 0 + 3. 6252 sin 0)j 
+(1.69048 -9.9694cos ^))k] in. 


M : = (70 lb)(9. 9694 sin (j) - 0.42262J) in. = -(61 lb • ft)(12 in./ft) 
M y = (70 lb)(— 0.9063 It/ cos <f>+ 3.6252 sin 0) in. 

M z = (70 lb)(l. 69048 - 9.9694cos <z>) in. = -43 lb • ft(12 in./ft) 

' 634.33 


( 1 ) 

(2) 

( 3 ) 


> = cos 


</ = 


697.86 
1022.90 


= 24.636° 


29.583 


= 34.577 in. 


or ^ = 24.6° 4 
or d - 34.6 in. A 
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SOLUTION 


Since the forces at A and B are parallel, the force at B can be replaced with the sum of two forces with one of 
the forces equal in magnitude to the force at A except with an opposite sense, resulting in a force-couple. 

We have F B = 2.9 lb - 2.65 lb = 0.25 lb, where the 2.65-lb force is part of the couple. Combining the two 
parallel forces, 

^couple = (2-65 lb)[(3.2 in. + 2.8 in.) cos 25°] 

= 14.4103 lb in. 

and M couple = 14.4103 lb • in. 



A single equivalent force will be located in the negative z direction. 
Based on -14.4103 lb • in. = [(0.25 lb)cos 25°](fl) 

a - 63.600 in. 


F' = (0.25 lb)(cos 25°i + sin 25°k) 

F' = (0.227 lb)i + (0. 1057 lb)k and is applied on an extension of handle BD at a 

distance of 63.6 in. to the right of B. M 
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y 



PROBLEM 3.155 

Replace the 150-N force with an equivalent force-couple 
system at A. 


SOLUTION 

Equivalence requires 


where 


Then 


ZF: F = (150 N)(— cos 35°j - sin 35°k) 
= -(122.873 N) j - (86.036 N)k 

ZM A : M = r n „xF 


DIA ■ 


r d/a — (0.18 m)i -(0.12 m)j + (0.1 m)k 


M = 


0.18 

0 


J 

- 0.12 

-122.873 


k 

0.1 

-86.036 


N-m 


= [(-0. 12)(-86.036) - (0. l)(-122.873)]i 
+ [-(0.18)(-86.036)]j 
+ [(0.18)(-122.873)]k 

= (22.6 N • m)i + (15.49 N • m) j - (22. 1 N • m)k 
The equivalent force -couple system at A is 

F = -(122.9 N)j - (86.0 N)k ◄ 
M = (22.6 N • m)i + (15.49 N • m) j - (22. 1 N • m)k ◄ 
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PROBLEM 3.156 


A beam supports three loads of given magnitude and a fourth load whose magnitude is a function of position. 
If b — 1.5 m and the loads are to be replaced with a single equivalent force, determine (a) the value of a so that 
the distance from support A to the line of action of the equivalent force is maximum, (b) the magnitude of the 
equivalent force and its point of application on the beam. 
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PROBLEM 3.156 (Continued) 


or 


or 


Then 


or 

Since 

( b ) Using Eq.(l), 


and using Eq. (2), 


184 80 64 2 80 — . 32 2 

230 ci uH q H a + 24 ci — 0 

3 3 9 3 9 


16n 2 - 276n + 1 143 = 0 

276 ± J(-276) 2 - 4(16)(1 143) 

a = - 

2(16) 

a = 10.3435 m and a = 6.9065 m 

AB = 9 m, a must be less than 9 m a = 6.91 m A 

R = 2300- 400 6 ' 9 ° 65 or R = 458 N ◄ 

1.5 

10(6.9065) + 9 --(6.9065) 2 

L = ^ = 3.16 m 

23-^(6.9065) 

R is applied 3.16 m to the right of A. A 
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PROBLEM 3.157 

A mechanic uses a crowfoot wrench to loosen a bolt at C. The 
mechanic holds the socket wrench handle at Points A and B 
and applies forces at these points. Knowing that these forces 
are equivalent to a force -couple system at C consisting of the 
force C = (8 lb)i + (4 lb)k and the couple M c = (360 lb • in.)i, 
determine the forces applied at A and at B when A = 2 lb. 
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PROBLEM 3.157 (Continued) 


From Equations (2) and (4): 2 B v - 8 (~B y ) = 360 


B v = 36 lb A = 36 lb 

y y 

From Equations (1) and (5): 2(— A x - 8) + 8 A x = 32 


A x = 1.61b 


From Equation (1): 


S A . =-(1.6 + 8) =-9.6 lb 

A = (1.600 lb)i - (36.0 lb)j + (2.00 lb)k ◄ 
B = -(9.60 lb)i + (36.0 lb) j + (2.00 lb)k ◄ 
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PROBLEM 3.158 


A concrete foundation mat in the shape of a regular hexagon of side 
12 ft supports four column loads as shown. Determine the magnitudes 
of the additional loads that must be applied at B and F if the resultant 
of all six loads is to pass through the center of the mat. 
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CHAPTER 4 






U 1 7 O Q , U 

PROBLEM 4.1 

Two crates, each of mass 350 kg, are placed as shown in the 
bed of a 1400-kg pickup truck. Determine the reactions at each 
of the two (a) rear wheels A, (b) front wheels B. 

c d tr~ 

1 — 

• n 







A 


B 



1.8 m 

1.2 m 

0.75 m 


SOLUTION 

Free-Body Diagram: 


(a) Rear wheels : 


(b) Front wheels : 



-Z.OS'xri 


W = (350 kg)(9.8 1 m/s 2 ) = 3.4335 kN 
W t =(1400 kg)(9.81 m/s 2 ) = 13.7340 kN 

+)IM b =0: W(\ .7 m + 2.05 m) + W(2.05 m) + W t (1 .2 m) - 2 A(3 m) = 0 

(3.4335 kN)(3.75 m) + (3.4335 kN)(2.05 m) 

+ (13.7340 kN)(1.2 m) - 2A(3 m) = 0 

A = +6.0659 kN A = 6.07kNf4 

+| ZF y = 0: -W -W -W,+2A + 2B = 0 

-3.4335 kN - 3.4335 kN - 13.7340 kN + 2(6.0659 kN) + 2B = 0 

B = +4.2346 kN B = 4.23kNf4 
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-1.7 m - 


• 2.8 m ■ 


J 






B 


1.8 m 

1.2 m 

0.75 m 


PROBLEM 4.2 

Solve Problem 4. 1 , assuming that crate D is removed and that 
the position of crate C is unchanged. 

PROBLEM 4.1 Two crates, each of mass 350 kg, are placed 
as shown in the bed of a 1400-kg pickup truck. Determine the 
reactions at each of the two ( a ) rear wheels A, ( b ) front wheels B. 


SOLUTION 


Free-Body Diagram: 


(a) Rear wheels : 


( b ) Front wheels : 



W = (350 kg)(9.8 1 m/s 2 ) = 3.4335 kN 
W t = (1400 kg)(9.81 m/s 2 ) = 13.7340 kN 

+)IM b =0: W(l .7 m + 2.05 m) + W t (1 .2 m) — 2A(3 m) = 0 

(3.4335 kN)(3.75 m) + (13.7340 kN)(1.2 m) - 2A(3 m) = 0 

A = +4.8927 kN A = 4.89 kN j ◄ 

+\lM y = 0: -W -W t +2A + 2B = 0 

-3.4335 kN - 13.7340 kN + 2(4.8927 kN) + 2B = 0 

B = +3.6911 kN B = 3.69kNf4 
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SOLUTION 

Free-Body Diagram: 


( — 12 — - 1 

' ) 


ttOL 4 J 

\So'k \io/b | 
1 r a- . | ,8 ik - 



± ~XFx= 0 : B x = 0 

+)EM b = 0: (40 lb)(6 in.) - (30 lb)a - (10 lb)(a + 8 in.) + (12 in.)A = 0 
(40a -160) 


A — - 


12 


( 1 ) 


Since 


+)S M a — 0: - (40 lb)(6 in.) - (50 lb)(12 in.) - (30 lb)(a + 12 in.) 
- (10 lb) (a + 20 in.) + (12 in.)fl = 0 


B y = 


(1400 + 40a) 


12 


5-0, B - 


(1400 + 40 a) 
12 


For a - 10 in., 


Eq. (1): 

A- 

Eq. (2): 

B — 

For a - 7 in., 


Eq. (1): 

A- 

Eq. (2): 

5- 


(40x10-160) 


12 

(1400 + 40x10) 
12 


= +20.0 lb 


-+150.0 lb 


(40x7-160) 


12 

(1400 + 40x7) 
12 


-+10.00 lb 


-+140.0 lb 


(2) 

A -20.0 lb ◄ 
B = 150.0 lb ◄ 

A - 10.00 lb ◄ 
B = 140.0 lb ◄ 
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PROBLEM 4.4 

For the bracket and loading of Problem 4.3, determine the smallest 
distance a if the bracket is not to move. 

PROBLEM 4.3 A T-shaped bracket supports the four loads shown. 
Determine the reactions at A and B (a) if a — 10 in., (b) if a - 7 in. 


SOLUTION 

Free-Body Diagram: 



For no motion, reaction at A must be downward or zero; smallest distance a for no motion 
corresponds to A = 0. 

+)IM B =0: (40 lb)(6 in.) - (30 lb)a - (10 lb)(a + 8 in.) + (12 in.) A = 0 

A _ (40a-160) 

12 

A = 0: (40n - 160) = 0 a = 4.00 in. ◄ 
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SOLUTION 


W = mg = (40 kg)(9.8 1 m/s 2 ) = 392.40 N 
= (300 mm)sinct - (80 mm)cosa 
a, — (430 mm)cosa - (300 mm)sinct 
b = (930 mm)cosct 


From free-body diagram of hand truck, 


+)TM b = 0: P(b)-W(a 2 ) + W(a 1 ) = 0 
+ )EF V = 0: P-2W + 2B = 0 
For a = 35° 


Free-Body Diagram: 



Dimensions in mm 


( 1 ) 

(2) 


a x =300sin35 o -80cos35° = 106.541 mm 
a 2 = 430cos35° -300 sin 35° = 180.162 mm 
b - 930cos35° = 761.81 mm 

(. a ) From Equation (1): 

F(761.81 mm) - 392.40 N( 180. 162 mm) + 392.40 N( 106.54 mm) = 0 

P - 37.921 N or P = 37.9n|4 

( b ) From Equation (2): 

37.921 N- 2(392.40 N) + 25 = 0 or B = 373 n|4 
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80 mm 


PROBLEM 4.6 

Solve Problem 4.5 when a = 40°. 

PROBLEM 4.5 A hand truck is used to move two kegs, each of 
mass 40 kg. Neglecting the mass of the hand truck, determine 
(a) the vertical force P that should be applied to the handle to 
maintain equilibrium when a- 35°, (b) the corresponding reaction 
at each of the two wheels. 


SOLUTION 


From F.B.D.: 


W = mg = (40 kg)(9.81 m/s 2 ) 

W = 392.40 N 

r/j = (300 mm)sinct - (80 mm)cosct 
= (430 mm)coscr - (300 mm)sinct 
b = (930 mm)cosct 


+)T.M b = 0: P(b)-W(a 2 ) + W(a l ) = 0 
P = W(a 2 - a r )/b 

+ flF v =0: -W -W + P + 2B = 0 


Free-Body Diagram: 



( 1 ) 


For a = 40°: 


(a) From Equation ( 1 ) : 


( b ) From Equation (2): 


B=W--P 

2 

= 300sin40° -80cos40° = 131.553 mm 
a 2 = 430cos40° - 300sin40° = 136.563 mm 
b = 930cos40° = 712.42 mm 

_ 392.40 N (0. 1 36563 m - 0. 1 3 1 553 m) 
0.71242 m 

P = 2.7595 N 

B = 392.40 N - - (2.7595 N) 

2 


(2) 


P = 2.76 N ( ◄ 
B = 391 N ◄ 
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PROBLEM 4.7 

A 3200-lb forklift truck is used to lift a 1700-lb crate. Determine 
the reaction at each of the two (a) front wheels A, ( b ) rear wheels B. 


Q mw f'Q 



A 



B 


— 16 in — 

24 in. *i 




12 in. 



SOLUTION 

Free-Body Diagram: 

17 OQ Vo 



(a) Front wheels : 


( b ) Rear wheels : 


+)I :M b = 0: (1700 lb)(52 in.) + (3200 lb)(12 in.) - 2A(36 in.) = 0 

A = +1761. 1 1 lb A = 1761 lb j 4 

+ |ZF y =0: - 1700 lb -3200 lb + 2(1761. 11 lb) + 2B = 0 

B = +688.89 lb B = 6891b(4 
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SOLUTION 




Free-Body Diagram: 

| IS'6 

| zoib \3C>i 1 7ob 

1 1 "B 



L_ 

1 | 


(a) Reaction at A: 

ZF X = 0: 

4 = o 



+) ZM b = 0: 

(15 lb)(28 in.) + (20 lb)(22 in.) + (35 lb)(14 in.) 
+ (20 lb)(6 in.) - A y (6 in.) = 0 




A v =+245 lb 

A = 245 lb ◄ 

(b) Tension in BC : 

+)1M a = 0: 

(15 lb)(22 in.) + (20 lb)(16 in.) + (35 lb)(8 in.) 
- (15 lb)(6 in.) - F BC ( 6 in.) = 0 




F bc = +140.0 lb 

F bc = 140.0 lb ◄ 

Check: 

+ tZF,.=0: 

- 15 lb - 20 lb = 35 lb - 20 lb + A - F BC =0 
-105 lb + 245 lb -140.0 = 0 




0 = 0 (Checks) 
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PROBLEM 4.9 

For the beam and loading shown, determine the range of the 
distance a for which the reaction at B does not exceed 100 lb 
downward or 200 lb upward. 
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50 N 100 N 150N PROBLEM 4.10 

\ 

L 


L The maximum allowable value of each of the reactions is 

(s 

-MA 

« 

180 N. Neglecting the weight of the beam, determine the range 


| 


B of the distance d for which the beam is safe. 


-* 450 mm *- 

-* 450 mm >- 



SOLUTION 


so f/ 


a 


i 


/CoA'i 

W 

■M 

- o.fi'yr, »~ 


I son I 



*F*= 0: B x = 0 


B = B y 

+)IM a = 0: (50 N)J - (100 N)(0.45 m - d) - (150 N)(0.9 m - d) + 5(0.9 m - d) = 0 
50d - 45 + lOOd - 135 + 150d + 0.9 B - Bd = 0 


180 N m- (0.9 m )B 
~ 300 A- B 

+)IM b =0: (50 N)(0.9 m) - A(0.9 m - d) + (100 N)(0.45 m) = 0 

45-0.9A + Ad + 45 = 0 

_ (0.9 m)A — 90 N • m 
A 


(1) 


(2) 


Since 5 < 180 N, Eq. (1) yields 


Since A < 180 N, Eq. (2) yields 


180 - (0.9)180 18 A K 

d > = = 0.15 m 

300-180 120 


^ (0.9)180-90 = 72_ m 
180 180 


d > 150.0 mm <] 


d < 400 mm <] 


Range: 


150.0 mm < d < 400 mm 


◄ 
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PROBLEM 4.11 

Three loads are applied as shown to a light beam supported by 
cables attached at B and D. Neglecting the weight of the beam, 
determine the range of values of 0 for which neither cable 
becomes slack when P — 0. 


SOLUTION 


A 




+)IM B = 0: (3.00 kN)(0.500m) + r D (2.25 m)- 0(3.00 m)=0 
0 = 0.500 kN + (0.750) T D 

+)ZM d = 0: (3.00 kN)(2.75 m) - T B ( 2.25 m) - 0(0.750 m) = 0 
0 = 11.00 kN- (3.00) T b 


For cable B not to be slack, T B > 0, and from Eq. (2), 

0 < 11.00 kN 


( 1 ) 

(2) 


For cable D not to be slack, T D > 0, and from Eq. (1), 

0 > 0.500 kN 


For neither cable to be slack, 


0.500 kN<0< 11.00 kN4 
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PROBLEM 4.12 

Three loads are applied as shown to a light beam supported by 
cables attached at B and D. Knowing that the maximum allowable 
tension in each cable is 4 kN and neglecting the weight of the beam, 
determine the range of values of Q for which the loading is safe 
when P — 0. 
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3: 

A 

cN 

— 

' 

1 

P 

'C 

7 

J 



■ 

B 


■ 

D 

0.5 m 

0.75 m 

* i.J 111 * 

0.75 m 


PROBLEM 4.13 

For the beam of Problem 4.12, determine the range of values of £ 
for which the loading is safe when P — 1 kN. 

PROBLEM 4.12 Three loads are applied as shown to a light beam 
supported by cables attached at B and D. Knowing that the maximum 
allowable tension in each cable is 4 kN and neglecting the weight of 
the beam, determine the range of values of £ for which the loading 
is safe when P — 0. 


SOLUTION 


3VN 

A 


l 1 


UN 1 
r <- 

1 




a 


+)EM b = 0: (3.00 kN)(0.500 m) - (1.000 kN)(0.750 m) + T D (2.25 m) - £(3.00 m) = 0 

£ = 0.250 kN + 0.75 T D 

+)IM d = 0: (3.00 kN)(2.75 m) + (1.000 kN)(1.50 m) 

- 7), (2.25 m) - £(0.750 m) = 0 


£ = 13.00 kN- 3.00 T B 

For the loading to be safe, cables must not be slack and tension must not exceed 4.00 kN. 
Making 0 < T B < 4.00 kN in Eq. (2), we have 

13.00 kN - 3.00(4.00 kN) < £ < 13.00 kN - 3.00(0) 

1.000 kN<£ <13.00 kN 


( 1 ) 


(2) 


( 3 ) 


Making 0 < T D < 4.00 kN in Eq. (1), we have 

0.250 kN + 0.750(0) < £ < 0.250 kN + 0.750(4.00 kN) 

0.250 kN < £ < 3.25 kN (4) 

Combining Eqs. (3) and (4), 1.000 kN <£< 3.25 kN 4 
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PROBLEM 4.14 

For the beam of Sample Problem 4.2, determine the range of values 
of P for which the beam will be safe, knowing that the maximum 
allowable value of each of the reactions is 30 kips and that the 
reaction at A must be directed upward. 
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PROBLEM 4.15 

The bracket BCD is hinged at C and attached to a control 
cable at B. For the loading shown, determine (a) the tension 
in the cable, ( b ) the reaction at C. 
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PROBLEM 4.16 

Solve Problem 4.15, assuming that a = 0.32 m. 

PROBLEM 4.15 The bracket BCD is hinged at C and 
attached to a control cable at B. For the loading shown, 
determine ( a ) the tension in the cable, (I?) the reaction at C. 
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PROBLEM 4.17 

The lever BCD is hinged at C and attached to a control rod at B. If 
P - 100 lb, determine (a) the tension in rod AB, ( b ) the reaction at C. 
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PROBLEM 4.22 

Determine the reactions at A and B when (a) a - 0, (I?) a - 90° 
(c) a- 30°. 
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PROBLEM 4.23 

Determine the reactions at A and B when (a) h = 0, 
( b ) h = 200 mm. 
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PROBLEM 4.25 


For each of the plates and loadings shown, determine the reactions at A and B. 




SOLUTION 

(a) Free-Body Diagram: 



B = +30 lb 


±^ZF x =0: A x + 40 lb = 0 

A x = -40 lb 

+jxF y = 0: A v + B - 50 lb = 0 


A„ + 30 lb - 50 lb = 0 






ZO//> 

ft 


40/6 


A v = +20 lb 


a = 26.56° 
A = 44.72 lb 


B = 30.0 lb ◄ 


A =40.0 lb 


A v = 20.0 lb | 

A = 44.7 lb ^26.6° ◄ 
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E 



PROBLEM 4.29 

A force P of magnitude 90 lb is applied to member ACDE, which is 
supported by a frictionless pin at D and by the cable ABE. Since the 
cable passes over a small pulley at B, the tension may be assumed to be 
the same in portions AB and BE of the cable. For the case when a — 3 in., 
determine (a) the tension in the cable, (b) the reaction at D. 


SOLUTION 

Free-Body Diagram: 



(a) 

(b) 


c 19 

+)IM D =0: (90 lb)(9 in.) - — T(9 in.) - — T(1 in.) + T( 3 in.) = 0 

r = 117 1b T = 117.0 lb ◄ 

±^ZF X = 0: D x - 1 17 lb--^(U7 lb) + 90 = 0 



D x = +12 lb 

+ |SF v =0: D v +||(1171b) = 0 


D y = -108 lb 


D = 129.8 lb ^56.3° ◄ 
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PROBLEM 4.30 

Solve Problem 4.29 for a — 6 in. 

PROBLEM 4.29 A force P of magnitude 90 lb is applied to 
member ACDE, which is supported by a frictionless pin at D and 
by the cable ABE. Since the cable passes over a small pulley at B, 
the tension may be assumed to be the same in portions AB and BE 
of the cable. For the case when a - 3 in., determine (a ) the tension 
in the cable, (b) the reaction at D. 
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D 


PROBLEM 4.32 


Neglecting friction and the radius of the pulley, determine 
(a) the tension in cable ADR. (b) the reaction at C. 


80 mm 80 mm 
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1 p 

PROBLEM 4.33 




a A 

Rod ABC is bent in the shape of an arc of circle of radius R. Knowing the 


A 

/ 

j 

9 = 30°, determine the reaction (a) at B. (b) at C. 


A 


/ 


c j 

C 


/ 
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75 mm 



PROBLEM 4.35 

A movable bracket is held at rest by a cable attached at C and by 
frictionless rollers at A and B. For the loading shown, determine (a) the 
tension in the cable, ( b ) the reactions at A and B. 
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PROBLEM 4.36 

A light bar AB supports a 15-kg block at its midpoint C. Rollers at A 
and B rest against frictionless surfaces, and a horizontal cable AD is 
attached at A. Determine (a) the tension in cable AD, (b) the reactions 
at A and B. 
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PROBLEM 4.37 

A light bar AD is suspended from a cable BE and supports a 
50-lb block at C. The ends A and D of the bar are in contact 
with frictionless vertical walls. Determine the tension in cable 
BE and the reactions at A and D. 
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PROBLEM 4.38 

A light rod AD is supported by frictionless pegs at B and C and 
rests against a frictionless wall at A. A vertical 120-lb force is 
applied at D. Determine the reactions at A, B, and C. 


SOLUTION 

Free-Body Diagram: 


Check: 



7 < 


D 

\7.0 \b 


A = 69.28 lb 

+)IM b = 0: C(8 in.) - (120 lb)(16 in.)cos30° 

+ (69.28 lb)(8 in.) sin 30° = 0 

C = 173.2 lb 

+)IM C = 0: B(8 in.) - (120 lb)(8 in.) cos 30° 

+ (69.28 lb)(16 in.) sin 30° = 0 


B = 34.6 lb 

\XF y = 0: 173.2-34.6 - (69.28)sin30°- (120)sin 60° = 0 

0 = 0 (check) 


A = 69.3 lb — ◄ 


C = 173.2 lb ^60.0° ◄ 


B = 34.6 lb ^ 60.0° ◄ 
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PROBLEM 4.39 

Bar AD is attached at A and C to collars that can move freely 
on the rods shown. If the cord BE is vertical (a- 0), determine 
the tension in the cord and the reactions at A and C. 


SOLUTION 

Free-Body Diagram: 


3o° 


O . 2 v*\ i 0.2 v'a 


7 


k T 



> f 


O. 2m 


8o lA 


A \ e> 
x 


+/EF y =0: - T cos 30° + (80 N) cos 30° = 0 

T = 80 N T = 80.0 N ◄ 

+)ZM C = 0: (Asin30°)(0.4 m) - (80 N)(0.2 m) - (80 N)(0.2 m) = 0 

A =+160 N A = 160.0 N ^30.0° ◄ 
+)ZM a = 0: (80 N)(0.2 m) - (80 N)(0.6 m) + (Csin30°)(0.4 m) = 0 

C = +160 N C = 160.0 N2x 30.0° ◄ 
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PROBLEM 4.40 

Solve Problem 4.39 if the cord BE is parallel to the rods ( a - 30°). 

PROBLEM 4.39 Bar AD is attached at A and C to collars that 
can move freely on the rods shown. If the cord BE is vertical 
(a - 0), determine the tension in the cord and the reactions at A 
and C. 


SOLUTION 


Free-Body Diagram: 



So hi 

T> 


T = 69.282 N T = 69.3 N ◄ 

+)IM C = 0: -(69.282 N)cos30°(0.2 m) 

-(80 N)(0.2 m) + (A sin 30°)(0.4 m) = 0 

A = +140.000 N A = 140.0 N ^ 30.0° M 

+)l :M a = 0: +(69.282 N)cos30°(0.2 m) 

-(80 N)(0.6 m) + (Csin30°)(0.4 m) = 0 

C = +1 80.000 N C = 1 80.0 N ^ 30.0° ◄ 
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PROBLEM 4.41 

The T-shaped bracket shown is supported by a small wheel at E and pegs at C 
and D. Neglecting the effect of friction, determine the reactions at C, D, and E 
when 0 = 30°. 


SOLUTION 




Free-Body Diagram: 



20 'b j- V* -| \^oib 

+ }£F y =0: E cos 30° - 20 - 40 = 0 



Zln. C 

-A 

£ _ 601b _ 69 282 1b 

E = 69.3 lb 60.0° ◄ 


3 A. 

C 

m V 

cos 30° 


J 

3*. 13 


+)S M d =0: (20 lb) (4 in.) - (40 lb)(4 in.) 



/ 


- C( 3 in.) + E sin 30°(3 in.) = 0 



f /H 

3cP 

-80 -3C + 69.282(0.5)(3) = 0 





C = 7.9743 lb 

C = 7.97 lb— ◄ 




0: E sin 30° + C - D = 0 





(69.282 lb)(0.5) + 7.9743 lb - D = 0 





D = 42.615 lb 

D = 42.6 lb- — -4 
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|— 4 in. 

I 20 lb 


PROBLEM 4.42 


The T-shaped bracket shown is supported by a small wheel at E and pegs at C 
and D. Neglecting the effect of friction, determine (a) the smallest value of 6 for 
which the equilibrium of the bracket is maintained, ( b ) the corresponding reactions 
at C,D, and E. 
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PROBLEM 4.43 


Beam AD carries the two 40-lb loads shown. The beam is held by a 
fixed support at D and by the cable BE that is attached to the 
counterweight W. Determine the reaction at D when (a) W = 100 lb, 
(b) W = 90 lb. 
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SOLUTION 

For WU, 

M d = -40 lb • ft 

s ft > 

c 

-Mo 

From F.B.D. of beam AD: 

+)ZM d = 0: (40 lb) (8 ft) - W min (5 ft) 

' 6 oj 

rx 

A-o. 


+ (40 lb)(4 ft) - 40 lb • ft = 0 

UOlb T 40lb 

I 0 , 

For W , 

"max’ 

From F.B.D. of beam AD: 

Wmin=88.01b 

M d = 40 lb • ft 

+>M 0 - 0: (40 lb)(8 ft) - W max (5 ft) 

+ (40 lb)(4 ft) + 40 lb • ft = 0 

- — 4F< — + — 40 — 
£ b.d. 



Wmax= 104.0 lb 

or 88.0 lb < VF < 104.0 lb ◄ 
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SOLUTION 







W = mg = (8 kg)(9.81 m/s 2 ) = 78.480 N 




(a) 

M 

ii 

o 

4 

ii 

o 


fly i 

fc f 1 


+t HF = 0: A -W = 0 

A =78.480 N j 


Vf\ 


i y y 

+)IM a =0: M a -W( 1.6m) = 0 





M A = +(78.480 N)(l. 6 m) 

M A =125.568 N-m') 




A = 78.5 N | 

M a = 125.6 N - m A 



(b) 

l + 

M 

4 

II 

0 

> 

1 

II 

o 

A x = 78.480 ( 

L A*-** J 


+|ZF V =0: A y —W = 0 A v = 78.480 •* — 

A = (78.480 N)V2 = 1 10.987 N 45° 




+)IM a = 0: M a -W( 1.6m) = 0 





M a = + (78.480 N)(l. 6 m) 

M a =125.568 N-m') 




A = 1 11.0 N 45° 

M a = 125.6 N - m A 


t£ *» 4 

(c) 

2^=0: 4=0 



* * * 


+IEF =0: A - 2W = 0 





A v = 2W = 2(78.480 N) = 156.960 n| 




+')ZM a =0: M A — 2W (1 .6 m) = 0 





M A = + 2(78.480 N)(1.6m) 

M a = 251.14N-m > ) 




A = 157.0 n| 

M A =251N-m' ◄ 
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PROBLEM 4.47 

Solve Problem 4.46, assuming that 15-mm-radius pulleys are used. 

PROBLEM 4.46 A tension of 20 N is maintained in a tape as it 
passes through the support system shown. Knowing that the radius 
of each pulley is 10 mm, determine the reaction at C. 


SOLUTION 

Free-Body Diagram: 



1 20 nJ 

-±*1^=0: C x + (20 N) = 0 C x = -20 N 

+ |EF V =0: C v - (20 N) = 0 C y = +20 N 


C = 28.3 N ^ 45.0° ◄ 

+)lM c = 0: M c + (20 N) (0. 1 65 m) + (20 N) (0.060 m) = 0 

M c = -4.50 N • m M c =4.50 N-m> ◄ 
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PROBLEM 4.48 

The rig shown consists of a 1200-lb horizontal member ABC and 
a vertical member DBE welded together at B. The rig is being used 
to raise a 3600-lb crate at a distance x — 12 ft from the vertical 
member DBE. If the tension in the cable is 4 kips, determine the 
reaction at E, assuming that the cable is (a) anchored at F as 
shown in the figure, (b) attached to the vertical member at a point 
located 1 ft above E. 
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PROBLEM 4.48 (Continued) 



(b) +)IM e = 0: M e + (3600 lb)( 1 2 ft) + (1200 lb)(6.5 ft) = 0 

M e = -51,000 lb - ft 
-±^=0 E x = 0 
+ |lF y =0: E y -3600 lb -1200 lb = 0 

E y = 4800 lb 

E = 4.80 kips (; M £ =51.0 kip -ft . ◄ 
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PROBLEM 4.49 

For the rig and crate of Prob. 4.48, and assuming that cable is 
anchored at F as shown, determine (a) the required tension in cable 
ADCF if the maximum value of the couple at E as x varies from 1.5 
to 17.5 ft is to be as small as possible, ( b ) the corresponding 
maximum value of the couple. 


SOLUTION 

Free-Body Diagram: 


D 



+)M e = 0: M e + (3600 lb) x + (1200 lb)(6.5 ft) - 7(3.75 ft) = 0 
M e =3.757 -3600x- 7800 
For jc = 1.5 ft, Eq. (1) becomes 

(M e \ =3.757 -3600(1 .5) -7800 
For x = 17.5 ft, Eq. (1) becomes 

(M e ) 2 = 3.757 - 3600(17.5) - 7800 

(a) For smallest max value of \M E \, we set 

{M e \ ={M e ) 2 

3.757 - 13, 200 = -3.757 + 70, 800 

(b) From Equation (2), then 

M e = 3.75(1 1.20) -13.20 


( 1 ) 

(2) 


T = 1 1.20 kips A 
\M e \ =28.8 kip -ft ◄ 
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PROBLEM 4.50 

A 6-m telephone pole weighing 1600 N is used to support the ends of two 
wires. The wires form the angles shown with the horizontal axis and 
the tensions in the wires are, respectively, 7] = 600 N and T 2 =375 N. 
Determine the reaction at the fixed end A. 


SOLUTION 

Free-Body Diagram: 



A x = +238.50 N 

+| IF V =0: A y -1600 N - (600 N) sin 10° - (375 N)sin20° = 0 


A y =+1832.45 N 
A = V238.50 2 +1832.45 2 

6 = tan -1 183245 A = 1848 N 82.6° ◄ 

238.50 

+)S M a =0: M a + (600 N) cos 10°(6 m) - (375 N) cos 20°(6 m) = 0 

M a = -1431.00 N-m M A = 1431 N • m) ◄ 
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PROBLEM 4.51 (Continued) 


(b) For P = 2W, 


e 

cos — 
2 


1 + 

2 




cos- = 0.84307 
2 

- = 32.534° 
2 


n 

and cos — = -0.59307 
2 

- = 126.375° 
2 


0 = 65.1° 


0 = 252.75° (discard) 


0 = 65.1° ◄ 
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PROBLEM 4.52 

A vertical load P is applied at end B of rod BC. (a) Neglecting the weight of 
the rod, express the angle 6 corresponding to the equilibrium position in 
terms of P, l, and the counterweight W. (b) Determine the value of 6 
corresponding to equilibrium if P — 2W. 
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PROBLEM 4.53 

A slender rod AB, of weight W, is attached to blocks A and B, 
which move freely in the guides shown. The blocks are connected 
by an elastic cord that passes over a pulley at C. (a) Express the 
tension in the cord in terms of W and 0. (b) Determine the value of 
0 for which the tension in the cord is equal to 3 W. 
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SOLUTION 


First note: T = tension in spring = ks 

where .v = deformation of spring 

= rfi 
F = krj3 


From F.B.D. of assembly: + > )ZM 0 = 0: 
or 


W (1 cos /?) - F(r) = 0 

Wl cos j3 - kr 2 j3 = 0 
kr 2 

co s/3 =—/3 
Wl 


For 


or 

Solving numerically, 
or 

Then 


k = 250 lb/in. 
r — 3 in. 

1 = 8 in. 

W = 400 lb 


cos l 3 ■ 


(250 lb/in.)(3 in.)- 
(400 lb)(8 in.) 


P 


cos/? = 0.703125/? 
P = 0.89245 rad 
P = 51.134° 


0 - 90° + 51.134° = 141.134° 



or <9 = 141.1° ◄ 
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PROBLEM 4.56 


A slender rod AB, of weight W, is attached to blocks A and B that 
move freely in the guides shown. The constant of the spring is k, 
and the spring is unstretched when 0 — 0. (a) Neglecting the weight 
of the blocks, derive an equation in W, k, l, and 6 that must be 
satisfied when the rod is in equilibrium. ( b ) Determine the value 
of 0 when W — 75 lb, l - 30 in., and k — 3 lb/in. 
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PROBLEM 4.57 (Continued) 


(b) For P = -kl, 
4 


2 kl 


9 1 


9 


sin / cos PI 

2 2 


0 .9 9 , n 

2 sin — cos— = 0 
2 2 


cos — — 0 or 2(kl - P) sin — - kl -0 
2 2 

9 = 180° (trivial) sin - = 

2 kl - P 


9 — 2 sin 


-l 


-klKkl - P) 


. 9 
sin — 
2 



2 

3 


— = 41.8° 
2 


9 = 83.6° ◄ 
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I 



PROBLEM 4.58 

A collar B of weight W can move freely along the vertical rod shown. 
The constant of the spring is k, and the spring is unstretched when 
9 — 0. (a) Derive an equation in 0, W, k, and / that must be satisfied 
when the collar is in equilibrium. ( b ) Knowing that W = 300 N, 

I = 500 mm, and k = 800 N/m, determine the value of 6 corresponding 
to equilibrium. 
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PROBLEM 4.59 








Eight identical 500x750-mm rectangular plates, each of mass m = 40 kg, are held in a vertical plane as 
shown. All connections consist of frictionless pins, rollers, or short links. In each case, determine whether 
( a ) the plate is completely, partially, or improperly constrained, (b) the reactions are statically determinate or 
indeterminate, (c) the equilibrium of the plate is maintained in the position shown. Also, wherever possible, 

compute the reactions. 








D 

~r? ~ r ~r k 


-V- 

A 

A 




■i f 

r. 

1' 

1 

T “T k 

2 

A r 
L 

3 

4 

T . 

J 



1 


r 

I L 


T 

■ 


5 


6 

t r 


8 


SOLUTION 













c. 

1. 

Thrpp nnn-rnnriirrpnt nnn-rmrflllpl rp.ar.Hnns* 



i 

_ O.li'tn 

J 



(a) 

Plate: completely constrained 

J 





( b ) 

Reactions: determinate 



r 




(c) 

Equilibrium maintained 








A = C = 196.2 N 






2. 

Three non-concurrent, non-parallel reactions: 


D 

- 

c 



(a) 

Plate: completely constrained 




Ivy 

D 


(b) 

Reactions: determinate 



— 


O 


(c) 

Equilibrium maintained 








B = 0, C = D = 196.2 N 






3. 

Four non -concurrent, non-parallel reactions: 







(a) 

Plate: completely constrained 


i 


l V 



(b) 

Reactions: indeterminate 


»> ■ 

fer- 

— 

1 


(c) 

Equilibrium maintained 








A x = 294 N — *% D t = 294 N -* — 








(A y + D y = 392 N j) 






4. 

Three concurrent reactions (through D): 







(a) 

Plate: improperly constrained 


J 

rp. 

i) 



(b) 

Reactions: indeterminate 

hr 


lw 

c 


(c) 

No equilibrium (Y.M n 0) 


l 

— 

T - 
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PROBLEM 4.59 (Continued) 


5. Two reactions: 

(a) Plate: partial constraint 

(b) Reactions: determinate 

(c) Equilibrium maintained 

C = D = 196.2 N 

6. Three non-concurrent, non-parallel reactions: 

(a) Plate: completely constrained 

(b) Reactions: determinate 

(c) Equilibrium maintained 

B = 294 N — ", D = 491 N 2^ 53.1° 


7. Two reactions: 

(a) Plate: improperly constrained 

( b ) Reactions determined by dynamics 

(c) No equilibrium (EF V ^ 0) 

8. Four non-concurrent, non-parallel reactions: 

(a) Plate: completely constrained 

(b) Reactions: indeterminate 

(c) Equilibrium maintained 

B = D v = 196.2 N j 


(C + D x = 0) 



i 

[ft 



lw 



t - 

B 
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PROBLEM 4.60 


The bracket ABC can be supported in the eight different ways shown. All connections consist of smooth pins, 
rollers, or short links. For each case, answer the questions listed in Problem 4.59, and, wherever possible, 
compute the reactions, assuming that the magnitude of the force P is 100 lb. 



3 ft l 


c 


a_At 


2 ft 2 ft 









"v 


8 



SOLUTION 


1. 

Three non-concurrent, non-parallel reactions: § 



(a) 

Bracket: comnlete constraint _ 

J 



(b) 

„ . / . ftT 1 

Reactions: determinate 

tfly ilOO/b 


(c) 

Equilibrium maintained 




A = 120.2 lb 56.3°, B = 66.7 lb — 


2. 

Four concurrent, reactions (through A): g . 



(a) 

Bracket: improper constraint 



(b) 


C 


R t' ' rl t t 

Reactions: indeterminate — 

fly 

r 



(c) 

No equilibrium (Z/Vf 4 ^ 0) 


3. 

Two reactions: 



(a) 

Bracket: partial constraint 



( b ) 

1 

Reactions: indeterminate 

l/ooate 


(c) 

Equilibrium maintained 




A = 50 lb \ C = 50 lb 


4. 

Three non-concurrent, non-parallel reactions: gN 

1'. 



(a) 

Bracket: complete constraint 

x ^ a 

A. ~ 


(b) 

Reactions: determinate ft 

1 i/o o/b 


(c) 

Equilibrium maintained 




A = 50 lb , B = 83.3 lb ^ 36.9°, C = 66.7 lb 
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PROBLEM 4.60 (Continued) 


5. Four non -concurrent, non-parallel reactions: 

ST 

V. 

(a) 

Bracket: complete constraint 

6jA 


( b ) 

Reactions: indeterminate 


booth \- 

(c) 

Equilibrium maintained CLM c — 0) A v = 50 lb 



6. Four non -concurrent, non-parallel reactions: 



(a) 

Bracket: complete constraint 



(b) 

Reactions: indeterminate 

e, 

ikx>/b 

(c) 

Equilibrium maintained 




A x = 66.7 lb — B t = 66.7 lb 
(A y +B y = 1 00 lb t ) 


7. Three non-concurrent, non-parallel reactions: 

(a) Bracket: complete constraint 

(b) Reactions: determinate 

(c) Equilibrium maintained 

A = C = 50 lb ( 

8. Three concurrent, reactions (through A) 

(a) Bracket: improper constraint 

(b) Reactions: indeterminate 

(c) No equilibrium (ZM A ^ 0) 




IjOO'b t'C 
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320 N 


B 


PROBLEM 4.61 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


414 






PROBLEM 4.62 

Determine the value of a for which the magnitude of the reaction at B 
is equal to 800 N. 


SOLUTION 

Free-Body Diagram: 



Force triangle 



„ 80 mm 80 mm 

tan p = a = 

a tan /? 


From force triangle: 


tan P = 


320 N 
800 N 


= 0.4 


( 1 ) 


From Eq. (1): 


a - 


80 mm 
0.4 


a - 200 mm A 
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T 



PROBLEM 4.64 

A 500-lb cylindrical tank, 8 ft in diameter, is to be raised over a 2-ft 
obstruction. A cable is wrapped around the tank and pulled horizontally as 
shown. Knowing that the corner of the obstruction at A is rough, find the 
required tension in the cable and the reaction at A. 


SOLUTION 

Free-Body Diagram: 




GD 2 ft n , no 

cos a = = = 0.5 a - 60 

AG 4 ft 

9 = —a = 30° (B = 60°) 

2 

T = (500 lb) tan 30° T = 289 lb 

„ 500 lb 

A- 

cos 30° 


A = 577 lb 60.0° 
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SOLUTION 



Since member AB is acted upon by two forces, A and B, they must be colinear, have the same magnitude, and 
be opposite in direction for AB to be in equilibrium. The force B acting at B of member BCD will be equal in 
magnitude but opposite in direction to force B acting on member AB. Member BCD is a three-force body with 
member forces intersecting at E. The F.B.D.’s of members AB and BCD illustrate the above conditions. The 
force triangle for member BCD is also shown. The angle ft is found from the member dimensions: 


P - tan 1 


6 in. 
10 in. 


30.964° 


Applying the law of sines to the force triangle for member BCD, 

30 ib B C 

sin(45°-/?) _ sin/? ~ sin 135° 


30 lb B C 

or = = 

sin 14.036° sin 30.964° sin 135° 


A=5 = 


(30 lb) sin 30.964° 
sin 14.036° 


= 63.641 lb 


or 


A = 63.6 lb 45.0° ◄ 


and 


(30 lb) sin 135° 
sin 14.036° 


= 87.466 lb 


or 


C = 87.5 lb \. 59.0° ◄ 
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1501b 



PROBLEM 4.66 

For the frame and loading shown, determine the reactions at C and D. 


SOLUTION 


Since BD is a two-force member, the reaction at D must pass through Points B and D. 
Free-Body Diagram: 

(Three-force body) 



Reaction at C must pass through E, where the reaction at D and the 150-lb load intersect. 
Triangle CEF : 


4 5 ft 

tan p = - [3 = 56.310° 


Triangle ABE : 


3 ft 

tan/-^ y = 26.565 c 
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PROBLEM 4.67 

Determine the reactions at B and D when b- 60 mm. 


SOLUTION 


Since CD is a two-force member, the line of action of reaction at D must pass through Points C and D. 
Free-Body Diagram: 

(Three-force body) 




Reaction at B must pass through E, where the reaction at D and the 80-N force intersect. 


„ 220 mm 

tan B = 

250 mm 

P = 41.348° 


Force triangle 



Law of sines: 

80 N _ B D 

sin 3.652° ~ sin 45° ~ sin 13 1.348° 

B = 888.0 N 

D = 942.8 N B = 888 41.3° D = 943 N ^ 45.0° ◄ 
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PROBLEM 4.68 

Determine the reactions at B and D when b - 120 mm. 


SOLUTION 


Since CD is a two-force member, line of action of reaction at D must pass 

Free-Body Diagram: 

(Three-force body) 


through C and D . 

V 4 



Reaction at B must pass through E, where the reaction at D and the 80-N force intersect. 


tan (i = 

fi = 


280 mm 
250 mm 
48.24° 


Force triangle 


Law of sines: 



sin 3.24° sinl35° sin 41.76° 

B = 1000.9 N 

D = 942.8 N B = 1001N^48.2° D = 943 N 45.0° 4 
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PROBLEM 4.69 (Continued) 


Force Triangle 


V- 




\ 11. 0*146 ° 

eA 



A , 

ps I3S° \ 




3 oq m 


Law of sines: 

A 

C _ 300 N 


sin 32.905° 

~~ sin 135° sin 12.0948° 




A = 778 N {; 

C = 1012 N ^ 77.9° ◄ 
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PROBLEM 4.70 



A T-shaped bracket supports a 300-N load as shown. Determine 
the reactions at A and C when a — 60°. 


SOLUTION 

Free-Body Diagram: 



EA = (400 mm) tan 30° 
= 230.94 mm 


In triangle CEF: 


tan 6- 


tan 0 - 


CF 


CF 


EF EA + AF 
150 


230.94 + 300 
0 = 15.7759° 
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PROBLEM 4.70 (Continued) 


Force Triangle 


Law of sines: 



A C _ 300 N 

sin 44.224° “ sin 120° “ sin 15.7759° 

A -110 N 
C = 956 N 

A = 770 N J; C = 956 N 2^ 74.2° ◄ 
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PROBLEM 4.71 

A 40-lb roller, of diameter 8 in., which is to be used on a tile floor, is resting 
directly on the subflooring as shown. Knowing that the thickness of each 
tile is 0.3 in., determine the force P required to move the roller onto the tiles 
if the roller is (a) pushed to the left, ( b ) pulled to the right. 
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PROBLEM 4.76 (Continued) 


Force Triangle 


Law of sines: 


iOOH 



100 N _ A B 

sin 9.1333° sinl5° sinl55.867° 


A - 163.1 55.9° ◄ 

B = 258 N^ 65.0° ◄ 
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SOLUTION 


Reaction at C must pass through D where force P and reaction at B intersect. 
In A CDE: tan fi = 

R 

= V3-1 
P = 36.2° 


Force Triangle 


Law of sines: 



sin 23.8° sin 126.2° sin 30° 
B = 2.00 P 


(a) 


C = 1.239P 


(b) 


Free-Body Diagram: 

(Three -force body) 



B = 2P 2^60.0° ◄ 
C = 1.239P^36.2° ◄ 
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PROBLEM 4.79 

Using the method of Section 4.7, solve Problem 4.23. 

PROBLEM 4.23 Determine the reactions at A and B when 
(a) h = 0, (b) h = 200 mm. 
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PROBLEM 4.81 

Member ABC is supported by a pin and bracket at B and by an 
inextensible cord attached at A and C and passing over a frictionless 
pulley at D. The tension may be assumed to be the same in portions AD 
and CD of the cord. For the loading shown and neglecting the size of 
the pulley, determine the tension in the cord and the reaction at B. 


SOLUTION 

Reaction at B must pass through D. 


Force Triangle 


tana — - 


7 in. 


12 in. 
a = 30.256° 
7 in. 


tan P - 


24 in. 
P = 16.26° 


Free-Body Diagram: 




Law of sines: 


T _ r - 72 lb _ B 
sin59.744° sinl3.996° sinl06.26 

T(sin 13.996°) = (T -12 lb)(sin 59.744°) 
7T0.24185) = (T - 72)(0.86378) 

T = 100.00 lb 


B = (100 lb) 


sin 106.26° 
sin 59.744° 


= 111.14 lb 


T = 100.0 lb ◄ 
B = lll.llb^ 30.30 ^ 
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PROBLEM 4.82 

Member ABC is supported by a pin and bracket at B and by an 
inextensible cord attached at A and C and passing over a frictionless 
pulley at D. The tension may be assumed to be the same in portions 
AD and CD of the cord. For the loading shown and neglecting the size 
of the pulley, determine the tension in the cord and the reaction at B. 
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/ A- 140 mm 


PROBLEM 4.83 

A thin ring of mass 2 kg and radius r— 140 mm is held against a frictionless 
wall by a 125 -mm string AB. Determine (a) the distance d, (b) the tension in 
the string, (c) the reaction at C. 


SOLUTION 

A 




Free-Body Diagram: 

(Three-force body) 

T| 





c 1 _ 

1 \ G 1 




c 

, J 





KOmf. 1 



The force T exerted at B must pass through the center G of the ring, since C and W intersect at that point. 

Thus, points A, B, and G are in 

a straight line. 




(a) From triangle ACG : 

d = f AG) 2 - (CG) 2 





= yj( 265 mm) 2 - (140 mm) 2 




= 225.00 mm 



d = 225 mm M 




Force Triangle 


W = (2 kg)(9.81 m/s 2 ) = 19.6200 N 


y r 




W 

, \ 

Law of sines: 

T _ C _ 19.6200 N 



265 mm 140 mm 225.00 mm 


(b) 




T = 23.1 ISM 

(c) 



C 

= 12.21 N—M 
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PROBLEM 4.84 

A uniform rod AB of length 2 R rests inside a hemispherical bowl of radius 
R as shown. Neglecting friction, determine the angle 0 corresponding to 
equilibrium. 


SOLUTION 


Based on the F.B.D., the uniform rod AB is a three-force body. Point E is the point of intersection of the three 
forces. Since force A passes through O, the center of the circle, and since force C is perpendicular to the rod, 
triangle ACE is a right triangle inscribed in the circle. Thus, £ is a point on the circle. 

Note that the angle a of triangle DO A is the central angle corresponding to the inscribed angle 6 of 
triangle DCA. 


a -26 

The horizontal projections of AE, (x AE ), and AG. (x AG ), are equal. 

X AE ~ X AG ~ X A 


or 

( AE) cos 29 - ( AG) cos 9 

and 

(2R) cos 29 - R cos 9 

Now 

cos 29 = 2 cos 2 9— 1 

then 

4cos 2 9-2- cos 9 



or 4cos 2 9 -cos 9 -2 = 0 

Applying the quadratic equation, 

cos <9 = 0.84307 and cos 9 = -0.59307 

9 = 32.534° and <9 = 126.375° (Discard) or <9 = 32.5° ◄ 
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PROBLEM 4.85 

A slender rod BC of length L and weight W is held by two cables as 
shown. Knowing that cable AB is horizontal and that the rod forms an 
angle of 40° with the horizontal, determine (a) the angle 6 that cable 
CD forms with the horizontal, ( b ) the tension in each cable. 


SOLUTION 

Free-Body Diagram: 

(Three-force body) 



(a) The line of action of T CD must pass through E, where T AB and W intersect. 

. CF 

tan 6 = 

EF 

Lsin 40° 

4 L cos 40° 

= 2 tan 40° 

= 59.210° 


(b) Force Triangle T AB - W tan 30.790° 

= 0.595881V 



<9 = 59.2° ◄ 


T ab - 0.596VT ◄ 


T cd =1.164 IT ◄ 
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PROBLEM 4.86 

A slender rod of length L and weight W is attached to a collar at A and is 
fitted with a small wheel at B. Knowing that the wheel rolls freely along 
a cylindrical surface of radius R, and neglecting friction, derive an 
equation in 9, L, and R that must be satisfied when the rod is in 
equilibrium. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


443 





PROBLEM 4.87 

Knowing that for the rod of Problem 4.86, L — 15 in., R- 20 in., and 
W— 10 lb, determine (a) the angle 6 1 corresponding to equilibrium, 
( b ) the reactions at A and B. 
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SOLUTION 


(a) As shown in the free-body diagram of the slender rod AB. the three forces intersect at C. From the 
geometry of the forces: 


(b) 


where 


From force triangle: 


and 


tan [] = 


* CB 

y BC 



x CB = ^-Lsin# 

and 

y BC = L cos# 


tan B = — tan 6 
2 

or 

tan 6-2 tan / 3 

For 

P - 30° 


tan# = 2 tan 30° 

= 1.15470 
0 = 49.107° 

IV = mg = (8 kg)(9.81 m/s 2 ) = 78.480 N 

A — W tan / 3 
= (78.480 N) tan 30° 

= 45.310 N 


5 = 


W 78.480 N 


cos P cos 30° 


= 90.621 N 


Free-Body Diagram: 




or 


<9 = 49.1° ◄ 


or A = 45.3 N -* — A 
or B = 90.6N 60.0° ◄ 
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PROBLEM 4.91 

A 200-mm lever and a 240-mm-diameter pulley are 
welded to the axle BE that is supported by bearings at C 
and D. If a 720-N vertical load is applied at A when the 
lever is horizontal, determine (a) the tension in the cord, 
( b ) the reactions at C and D. Assume that the bearing 
at D does not exert any axial thrust. 


SOLUTION 


Dimensions in mm 



We have six unknowns and six equations of equilibrium. — OK 

£M C = 0: (-120k) x (D x i + D y j) + (120j - 160k)x 7i + (80k - 200i) x (-720j) = 0 


- 1 207> t j + 1 20D v i - 1 207k - 1 607j + 57 . 6 x 1 0 3 i + 1 44 x 1 0 3 k = 0 


Equating to zero the coefficients of the unit vectors: 


k: 


-1207 + 144x10 =0 


(a) 7 = 1200 N ◄ 


i: 1207) v +57.6x10 = 0 D y = -480 N 

j: -120D, -160(1200 N) = 0 7),= -1600 N 

£7 = 0: C+D r +7=0 C= 1600-1200 = 400 N 


£7 V - 0: 


C„ + Z) -720 = 0 C = 480 + 720 = 1200 N 


£7 ; =0: 


C=o 


( b ) 


C = (400 N)i + (1200 N)j; D = -(1600 N)i - (480 N)j ◄ 
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PROBLEM 4.92 


Solve Problem 4.91, assuming that the axle has been 
rotated clockwise in its bearings by 30° and that the 
720-N load remains vertical. 

PROBLEM 4.91 A 200-mm lever and a 240-mm- 
diameter pulley are welded to the axle BE that is 
supported by bearings at C and D. If a 720-N vertical 
load is applied at A when the lever is horizontal, 
determine (a) the tension in the cord, (b) the reactions at 
C and D. Assume that the bearing at D does not exert 
any axial thrust. 
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PROBLEM 4.93 

A 4 X 8-ft sheet of plywood weighing 40 lb has been temporarily 
propped against column CD. It rests at A and B on small wooden 
blocks and against protruding nails. Neglecting friction at all 
surfaces of contact, determine the reactions at A, B, and C. 
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PROBLEM 4.94 



Two tape spools are attached to an axle supported by bearings 
at A and D. The radius of spool B is 1.5 in. and the radius of 
spool C is 2 in. Knowing that T B - 20 lb and that the system 
rotates at a constant rate, determine the reactions at A and D. 
Assume that the bearing at A does not exert any axial thrust and 
neglect the weights of the spools and axle. 
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PROBLEM 4.95 



Two transmission belts pass over a double-sheaved 
pulley that is attached to an axle supported by bearings 
at A and D. The radius of the inner sheave is 125 mm 
and the radius of the outer sheave is 250 mm. Knowing 
that when the system is at rest, the tension is 90 N in 
both portions of belt B and 150 N in both portions of 
belt C, determine the reactions at A and D. Assume that 
the bearing at D does not exert any axial thrust. 


SOLUTION 

We replace T fl and T' B by their resultant (—180 N)j and T c and T' c by their resultant (-300 N)k. 


Dimensions in mm 

We have five unknowns and six equations of equilibrium. Axle AD is free to rotate about the x-axis, but 
equilibrium is maintained ( 1M X = 0). 

EM A =0: (150i) x (-1 80j) + (250i) x (-300k) + (450i) x (D y j + D_k) = 0 

-27 x 10 3 k + 75 x 10 3 j + 450D y k - 450D.j = 0 
Equating coefficients of j and k to zero, 



j: 

75xl0 3 - 450ZT. = 0 


D z = 

166.7 N 


k: 

-27x10 3 + 450D v =0 


D y = 

60.0 N 

X 

= 0: 

o 

li 





= 0: 

A +D -180 N = 0 

y y 

A 

= 180-60 = 120.0 N 



= 0: 

A z + D z -300 N = 0 

A z 

= 300 - 166.7 = 133.3 N 



A = (120.0 N)j + (133.3 N)k; D = (60.0 N)j + (166.7 N)k ◄ 
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PROBLEM 4.96 

Solve Problem 4.95, assuming that the pulley rotates at a 
constant rate and that T B = 104 N, T' B = 84 N, Tq — 175 N. 

PROBLEM 4.95 Two transmission belts pass over a 
double-sheaved pulley that is attached to an axle supported 
by bearings at A and D. The radius of the inner sheave is 
125 mm and the radius of the outer sheave is 250 mm. 
Knowing that when the system is at rest, the tension is 90 N 
in both portions of belt B and 150 N in both portions of 
belt C, determine the reactions at A and D. Assume that 
the bearing at D does not exert any axial thrust. 


SOLUTION 



Dimensions in mm 


We have six unknowns and six equations of equilibrium. — OK 

2)M A =0: (150i + 250k) x(-104j) + (150i- 250k) x (— 84 j) 
+ (250i + 125 j) x (-175k) + (250i - 125 j) x (~T C ) 
+450i x (D v j + D,k) = 0 


- 150(104 + 84)k + 250(104 - 84)i + 250(175 + 7£ ) j - 125(175 - T' c ) 
+ 450D v k - 450D, j = 0 

Equating the coefficients of the unit vectors to zero, 

i: 250(104-84) -125(175 - 7^) = 0 175 = 7^=40 7^=135; 

j: 250(175 + 135) -4507), =0 7)„=172.2N 

k: - 150(104 + 84) + 450 Z) v =0 7) V =62.7N 
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PROBLEM 4.96 (Continued) 


IF t =0: A x = 0 

EF V = 0: A y -104 - 84 + 62.7 = 0 A v = 125.3 N 

ZF z =0: A. -175-135 + 172.2=0 A. =137.8 N 

A = (125.3 N)j + (137.8 N)k; D = (62.7 N) j + (172.2 N)k ◄ 
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PROBLEM 4.97 


Two steel pipes AB and BC, each having a mass per unit 
length of 8 kg/m, are welded together at B and supported by 
three wires. Knowing that a = 0.4 m, determine the tension 
in each wire. 
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PROBLEM 4.98 (Continued) 


( b ) Reactions: m'g = (8 kg/m) 9.8 1 m/s 2 =78.48 N/m 

T a = 03m g = 0.3x78.48 = 23.544 N T A = 23.5 N ◄ 

*F y = 0: T a +T c +T d -W x -W 2 = 0 

T a +0 + T d - 0.6m' g - 1 .2 m'g = 0 

T d — l.8m'g — T a = 1. 8 x 78.48 — 23.544 = 1 17.72 r D =117.7N ◄ 
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PROBLEM 4.99 


The 45-lb square plate shown is supported by three vertical wires. 
Determine the tension in each wire. 
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PROBLEM 4.100 

The table shown weighs 30 lb and has a diameter of 4 ft. It is supported by 
three legs equally spaced around the edge. A vertical load P of magnitude 
100 lb is applied to the top of the table at D. Determine the maximum 
value of a if the table is not to tip over. Show, on a sketch, the area of the 
table over which P can act without tipping the table. 


SOLUTION 

We shall sum moments about AB. 


r = 2 ft b - r sin 30° = 1 ft 

{b+r)C + (a-b)P-bW = 0 
(1 + 2)C + (a- 1)100 - (1)30 = 0 

C = ~[30 -(a- 1)100] 



If table is not to tip, C > 0. 



[30 -(a -1)100] > 0 
30 > (a -1)100 

o-l<0.3 a <1.3 ft a = 1.300 ft 


Only X distance from P to AB matters. Same condition must be satisfied for each leg. P must be located 
in shaded area for no tipping. 
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PROBLEM 4.101 

An opening in a floor is covered by a lxl.2-m sheet of 
plywood of mass 1 8 kg. The sheet is hinged at A and 5 and 
is maintained in a position slightly above the floor by a small 
block C. Determine the vertical component of the reaction 
(i a ) at A, ( b ) at B, (c) at C. 


SOLUTION 



r b/a = 0.6i 
r CM =0.8i + 1.05k 
r GM =0.3i + 0.6k 

W - mg - (18 kg )9. 8 1 
W = 176.58 N 

XM a = 0: r m x B\ + r aA x Cj + r G/A x (-Wj) = 0 
(0.6i) x Bj + (0.8i + 1 .05k) x Cj + (0.3i + 0.6k) x (-Wj) = 0 


0.65k + 0.8Ck - 1 ,05Ci - 0.3Wk + 0.6W1 = 0 


Equate coefficients of unit vectors to zero: 


i: 1.05C + 0.6W = 0 


C = \ 


' 0.6 
1.05 


176.58 N = 100.90 N 


k: 0.65 + 0.8C - 0.3W = 0 

0.65 + 0.8(100.90 N) - 0.3(176.58 N) = 0 5 = -46.24 N 
XF V = 0: A+ B + C -W = 0 

A - 46.24 N + 100.90 N + 176.58 N = 0 A - 121.92 N 

(a) A = 121.9 N ( b ) 5 = -46.2 N (c) C = 100.9 N4 
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PROBLEM 4.102 

Solve Problem 4.101, assuming that the small block C is 
moved and placed under edge DE at a point 0.15 m from 
corner E. 

PROBLEM 4.101 An opening in a floor is covered by a 
lxl.2-m sheet of plywood of mass 18 kg. The sheet is 
hinged at A and B and is maintained in a position slightly 
above the floor by a small block C. Determine the vertical 
component of the reaction (a) at A, (b) at B, (c) at C. 


SOLUTION 



r bia =°- 6i 
r c/A =0.65i + 1.2k 
t g/a = 0.3i + 0.6k 

W = mg = (18 kg) 9.81 m/s 2 
W - 176.58 N 

ZM a = 0: r m x B\ + r c/A x Cj + r c/A x (-Wj) - 0 
0.6i x Bj + (0.651 + 1 .2k) x Cj + (0.31 + 0.6k) x (-Wj) = 0 


0.65k + 0.65Ck - 1 .2Ci - 0.3Wk + 0.6Wi = 0 


Equate coefficients of unit vectors to zero: 

i: -1.2C + 0.6W = 0 


C = 


— |176.58 N = 88.29 N 

1.2 


k: 0.65 + 0.65C - 0.3W = 0 

0.65 + 0.65(88.29 N) - 0.3(176.58 N) = 0 5 = -7.36 N 
XF V = 0: A + B + C-W = 0 

A- 136 N + 88.29 N- 176.58 N = 0 A = 95.648 N 

(a) A -95. 6 N ( b ) 5 = -7.36 N (c) C = 88.3N4 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


461 





y 



PROBLEM 4.103 

The rectangular plate shown weighs 80 lb and is supported by three 
vertical wires. Determine the tension in each wire. 


SOLUTION 



£M b - 0: r A/B x T a j + r c/B x T c j + r G/B x ( 80 lb) j - 0 
(60 in.)k x TJ + [(60 in.)i + (15 in.)k] x T c j + [(30 in.)i + (30 in.)k] x (-80 lb) j = 0 

-60T A i + 60T c k - 15r c i - 2400k + 2400i = 0 
Equating to zero the coefficients of the unit vectors, 

i: 60T A - 15(40) + 2400 = 0 

k: 60T C - 2400 = 0 

EF V = 0: T a +T b +T c - 801b = 0 

30 Vo + T b + 40 lb-80 lb =0 


T a = 30.0 lb ◄ 
T c = 40.0 lb ◄ 

T b = 10.00 lb ◄ 
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PROBLEM 4.104 

The rectangular plate shown weighs 80 lb and is supported by three 
vertical wires. Determine the weight and location of the lightest block 
that should be placed on the plate if the tensions in the three wires are 
to be equal. 


SOLUTION 

Free-Body Diagram: 



Let —W b j be the weight of the block and x and z the block’s coordinates. 

Since tensions in wires are equal, let 

t a =t b =t c =t 

XM 0 = 0: (r A x 7j) + (r B x 7j) + (r c x 7j) + r c x (-Wj) + (xi + zk) x (-WJ) = 0 


or (75 k ) x Tj + (1 5 k) x 7j + (60i + 30k) x 7j + (30i + 45k) x (-Wj) + (xi + zk) x (~W h j) = 0 
or -757T - 1571 + 60Tk - 3071 - 30Wk + 45Wi -W b xk + W b zi = 0 

Equate coefficients of unit vectors to zero: 


i: 

-120T + 45W + W b z = 0 

(1) 

k: 

60T-30W-W b x = 0 

(2) 

Also, XF V = 0: 

O 

II 

i 

£ 

i 

hs 

m 

(3) 

Eq. (1) + 40 Eq. (3): 

5W + (z-40)W h =0 

(4) 

Eq. (2) - 20 Eq. (3): 

-low -(x- 20)W b =0 

(5) 
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PROBLEM 4.104 (Continued) 


Solving Eqs. (4) and (5) for W h /W and recalling that 0 < x < 60 in., 0 < z < 90 in., 


Eq. (4): 
Eq. (5): 


W h 


— — > — - — = 0. 125 


W 40 -z 40-0 


W h 


— — > — — — = 0.5 


W 20- x 20-0 


Thus, (W h ) min = 0.5W = 0.5(80) = 40 lb 
Making W h = 0.5 IT in Eqs. (4) and (5): 

5W + (z - 40)(0.5VE) = 0 
-10VE - (x-20)(0.5VT) = 0 


<Wb)n*n= 40-0 lb ◄ 

z — 30.0 in. ■A 
x = 0 in. A 
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PROBLEM 4.105 

A 2.4-m boom is held by a ball-and-socket joint at C and by two 
cables AD and AE. Determine the tension in each cable and the 
reaction at C. 


SOLUTION 


Free-Body Diagram: Five unknowns and six equations of equilibrium, but equilibrium is maintained 

<W AC = 0 ). 



r B = 1.2k 
f a - 2-4k 


AD = -0.8i + 0.6j - 2.4k AD = 2.6 m 
AE = 0.8i + 1.2j-2.4k AE = 2.8 m 


T 

_ AD 

T 

_ 1 AD 

1 AD 

~ AD 

2.6 

T 

AE 

_ t ae 

1 AE 

~ AE 

“+8 1 

r A 

x Td 

+ r A X r 


i 

j 

k 


i 

j 

k 

0 

0 

2.4 

T 

1 AD j 
2.6 

0 

0 

2.4 

-0.8 

0.6 

-2.4 


0.8 

1.2 

-2.4 


^ + 1.2k x (-3.6 kN)j = 0 
2.8 


Equate coefficients of unit vectors to zero: 

i: -0.55385 T AL 
j: -0.738467^ +0.6867 IT AE =0 


0.553857^-1.028577^ +4.32 = 0 


From Eq. (1): 


7^=0.928577^ 


0.55385(0.92857)7^-1.028577^ +4.32 = 0 


1 .542867;,- =4.32 

T ae =2.800 kN 


( 1 ) 

(2) 


T ae = 2.80 kN ◄ 
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PROBLEM 4.106 (Continued) 


From Eq. (1): 

T -M 
AD 2.8 

(5.6) = 5.200 kN 

T ad = 5.20 kN ◄ 


M 

II 

o 

no no 

C t — —(5.2 kN) + — (5.6 kN) = 0 
2.6 2.8 

o 

ii 

<o 


M 

II 

o 

C y + — (5.2 kN) + — (5.6 kN) - 3.6 kN = 0 
2.6 2.8 

Cy=0 


M 

II 

o 

2.4 2.4 

C Z ( 5 - 2kN) -— (5 - 6kN) = 0 

C, = 9.60 kN 


C = (9.60 kN)k ◄ 


Note: Since the forces and reaction are concurrent at A, we could have used the methods of Chapter 2. 
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PROBLEM 4.107 

A 10-ft boom is acted upon by the 840-lb force shown. Determine the 
tension in each cable and the reaction at the ball-and-socket joint at A. 
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PROBLEM 4.108 

A 12-m pole supports a horizontal cable CD and is held by a ball 
and socket at A and two cables BE and BF. Knowing that the 
tension in cable CD is 14 kN and assuming that CD is parallel to 
the x-axis {</>— 0), determine the tension in cables BE and BF and 
the reaction at A. 


SOLUTION 




Free-Body Diagram: 

2 



mw 




A 

\r 

J- &e 

/V 


yC 

% 


A 


There are five unknowns and six equations of equilibrium. The pole is free to rotate about the y-axis, but 
equilibrium is maintained under the given loading (EM y = 0). 

Resolve BE and BF into components: 




BE = (7.5 m)i - (8 m)j + (6 m)k 

BE = 12.5 m 

BF = (7.5 m)i - (8 m)j - (6 m)k 

BF = 12.5 m 

Express T BE and T BF in terms of components: 




BE 

T be ~ T be - T be (0.60i - 

-0.64j + 0.48k) 

(1) 

T>/- = T bf = T bf (0.60i 

i 

o 

ON 

r 

o 

oo 

7T 

(2) 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


471 





PROBLEM 4.108 (Continued) 


XM a — 0: r B/A x T BE + r B/A x T BF + r c/A x ( 14 kN)i — 0 
8 j x T be (0.60i - 0.64j + 0.48k) + 8 j x T BE (0.60i - 0.64j - 0.48k) + 12 jx (—141) = 0 

-4.8 7g £ k + 3.84 Vi-4.8Vk -3.84Vi + 168k = 0 


1 BE 


BF r 


BF 


Equating the coefficients of the unit vectors to zero, 


k 

£F = 0 


SF V = 0 


2^=0 


3.84V -3.84 V -0 


-4.8 V -4.8V +168 = 0 
A x + 2(0.60)(17.50 kN) - 14 kN = 0 
Ay - z(0.64) (17.50 kN) = 0 


^+o=o 


Tbe ~ Tbf 

T B e = T bf = 17.50 kN ◄ 


A x = 7.00 kN 
A, = 22.4 kN 


\ ~ o 


A = -(7.00 kN)i + (22.4 kN) j ◄ 

Because of the symmetry, we could have noted at the outset that T BF = T BE and eliminated one unknown. 
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PROBLEM 4.109 (Continued) 


ZF y = 0: A y - (0.64) (T BF + T BE ) = 0 
A y = 0.64(31.721) 

A y = 20.3 kN 

ZF, = 0: A. - 0.48 (T BF - F B£ ) + 14 sin 25° = 0 
A, = 0.48(18.4893) - 5.9167 
A, = 2.96 kN 

A = -(6.34 kN)i + (20.3 kN)j + (2.96 kN) k ◄ 
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PROBLEM 4.112 (Continued) 


Thus: T bh = T bh ^ = (600 lb) = (480 lb)i - (360 lb)j 

df t 

T OE = ’ T oe — = -f^(13.8i - 1 6.5 j + 6.6k) 

DE 22.5 

np t 

T nF = T df = -^(13.8i-16.5j-6.6k) 

DF DF DF 22.5 


(a) ZM a =0: (rjXW c ) + (r K x\V G ) + (r H xT BH ) + (r E xT DE ) + (r F xT DF ) = 0 
- (12i) x (-600j) - (6i) x (-200j) + (1 8i) x (480i - 360j) 


i 

j 

k 


i 

j 

k 

5 

0 

6.6 

1 T'df 
22.5 

5 

0 

-6.6 

13.8 

-16.5 6.6 


13.8 

-16.5 

-6.6 


or 7200k + 1200k - 6480k + 4.84(r 0£ - T DF )i 

58.08 _ .. 82.5 _ _ n 

+ 22 5 ^ DE T, df )J ^ (T de + T df )k - 0 

Equating to zero the coefficients of the unit vectors, 
j or i’ T — T — 0 T = T * 

1 Ui J • 1 DE 1 DF u 1 DE 1 DF 

82 5 

k: 7200 + 1200- 6480 -——(2T DE ) = Q T DE = 261.82 lb 


t de = t df = 262 lb ^ 


(b) ZF= 0: A +480 + 2 


13.8 

22.5 


ZF y = 0: A v - 600 -200 -360 -2 


(261.82) = 0 
16.5 


A,. =-801.17 lb 


22.5 


(261.82) = 0 A =1544.00 lb 


ZF_ =0: A. = 0 


A = —(801 lb)i + (1544 lb)j ◄ 


*Remark: The fact is that T DE = T DF could have been noted at the outset from the symmetry of structure with 
respect to xy plane. 
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PROBLEM 4.113 (Continued) 


Coefficient of i: 


-(450)(675)— (450)(675) — + 220.73 x 10 3 = 0 

1065 855 


T = 344.64 N 


T = 345 N ◄ 


Md 64 344 64 

Coefficient of j : (-690 x 450 + 600 x 450) + (270 x 450 + 600 x 450) _ - 7805_ = 0 


1065 


855 


B, = 185.516 N 

Coefficient of k: (600)(675) 34 f 64 + (600)(675) 34464 -382.59 xlO 3 +780fi„ = 0 B„ =113.178N 


1065 


855 


B = (113.2 N)j + (185.5 N)k ◄ 


ZF = 0: A + B + T CO +T C£ + W = 0 


Coefficient of i: 


_ _690_ + 270 (344.54) = 0 

1065 855 


A =114.5 N 


Coefficient of j: 
Coefficient of k: 


A +113. 178 + -^1(344.64) +— (344.64) -981 = 0 A = 377 N 
1065 855 y 


450 450 

A. +185.516 (344.64) (344.64) = 0 

1065 855 


A. =141.5 N 


A = (1 14.5 N)i + (377 N)j + (144.5 N)k ◄ 
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PROBLEM 4.114 

Solve Problem 4.1 13, assuming that cable DCE is replaced 
by a cable attached to Point E and hook C. 

PROBLEM 4.113 A 100-kg uniform rectangular plate is 
supported in the position shown by hinges A and B and by 
cable DCE that passes over a frictionless hook at C. 
Assuming that the tension is the same in both parts of the 
cable, determine (a) the tension in the cable, (b) the 
reactions at A and B. Assume that the hinge at B does not 
exert any axial thrust. 


SOLUTION 


See solution to Problem 4. 1 13 for free-body diagram and analysis leading to the following: 

CD = 1065 mm 
CE = 855 mm 

Now, T rD = — (— 690i + 675 j - 450k) 

CD 1065 

T ce = — (2701 + 675 j - 450k) 

855 

w = -mgi = -(100 kg)(9.81 m/s 2 )j = -(981 N)j 


Coefficient of i: 


Coefficient of j : 


Coefficient of k: 


XM a - 0: r aA x T CE + r G/A x ( W j) + r B/A x B - 0 


i 

j 

k 


i 

j 

k 


i 

j 

k 

600 

0 

450 

I 

855 + 

390 

0 

225 

+ 

780 

0 

0 

270 

675 

-450 

0 

-981 

0 


0 

B y 

B z 


-(450)(675)— + 220.73X10 3 = 0 


T = 621.31 N 

(270 x 450 + 600 x 450) 621-31 - 7805_ = 0 
855 

1 Q 1 

(600)(675)- — : 382.59 xlO 3 +7805 =0 


7 = 621N ◄ 

B_ = 364.74 N 

B y =113.186 N 

B = (113.2 N)j + (365 N)k ◄ 
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PROBLEM 4.115 

The rectangular plate shown weighs 75 lb and is held in the 
position shown by hinges at A and B and by cable EF. Assuming 
that the hinge at B does not exert any axial thrust, determine 
( a ) the tension in the cable, (b) the reactions at A and B. 
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PROBLEM 4.116 

Solve Problem 4.115, assuming that cable EF is replaced by a 
cable attached at points E and H. 

PROBLEM 4.115 The rectangular plate shown weighs 75 lb and 
is held in the position shown by hinges at A and B and by cable 
EF. Assuming that the hinge at B does not exert any axial thrust, 
determine (a) the tension in the cable, (b) the reactions at A and B. 


SOLUTION 



r bia = (38 - 8)i = 30i 
r m = (30-4)1 + 20k 
= 26i + 20k 

38. 

2 

= 19i + 10k 


r G/A =— ' + 10 k 


EH = -30i + 12j - 20k 
EH = 38 in. 

Th t 

T = T = — (-30i + 12j-20k) 

EH 38 


£M a -0: r h:IA x T + r G/A x ( 75j) + r BM xB-0 


i 

j 

k 

r r 

i 

j 

k 


i 

j 

k 

26 

0 

20 

1 

h 

38 

19 

0 

10 

+ 

30 

0 

0 

-30 

12 

-20 

0 

-75 

0 


0 

5 .V 



= 0 


Coefficient of i: 


— (12)(20) — + 750 = 0 J = 118.75 
38 


T = 118.81b ◄ 


Coefficient of j: 


1 1 8 75 

(-600 + 520) — — 30 B_ =0 B. = -8.331b 

38 z z 


118 75 

Coefficient of k: (26)(12) ' 1425 + 30 B v =0 B = 15.00 lb 

38 J y 


B = (15.00 lb)j- (8.33 lb)k ◄ 
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PROBLEM 4.117 

A 20-kg cover for a roof opening is hinged at corners A and B. 
The roof forms an angle of 30° with the horizontal, and the 
cover is maintained in a horizontal position by the brace CE. 
Determine (a) the magnitude of the force exerted by the brace, 
(b) the reactions at the hinges. Assume that the hinge at A does 
not exert any axial thrust. 


SOLUTION 

Force exerted by CE: 



O.i-n 


(a) 


F = F(cos75°)i + F(sin75°)j 
F = F(0.25882i + 0.96593j) 

W = mg = 20 kg(9.8 1 m/s 2 ) = 196.2 N 
r A/B = 0 . 6 k 
r aB = 0.9i + 0 . 6 k 
r c/B =0.45i + 0.3k 
F = F(0.25882i + 0.96593j) 

= 0: r G/B x (— 196.2 j) + 17 .® x F + t a/b x A = 0 


= 0 



i 

j 

k 


i 

j 

k 


i 

j 

k 

0.45 

0 

0.3 

+ 

0.9 

0 

0.6 

F + 

0 

0 

0.6 

0 

-196.2 

0 


0.25882 

+0.96593 

0 


A 

A 

0 


Coefficient of i : 

+58.86 - 0.57956F - 0.6A y = 0 


( 1 ) 

Coefficient of j: 

+0. 155292F + 0.6A a = 0 


( 2 ) 

Coefficient of k: 

-88.29 + 0.86934F = 0: F = 101.56 N 


From Eq. (2): 

+58.86 -0.57956(101. 56) - 0.6A y =0 A v =0 



From Eq. (3): 

+0.155292(101.56) + 0.6 A x =0 A x =- 

26.286 N 

F = (101.6 N) ◄ 

(b) 

EF: A + B + F-lFj=0 



Coefficient of i: 

26.286 + B x + 0.25882(101 .56) = 0 

ii 

o 


Coefficient of j: 

B y + 0.96593(101.56) - 196.2 = 0 

B v =98.1 N 


Coefficient of k: 


B z = 0 A = 

-(26.3 N)i; B = (98.1 N)j ◄ 
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PROBLEM 4.118 


The bent rod ABEF is supported by bearings at C and D and by wire 
AH. Knowing that portion AB of the rod is 250 mm long, determine 
(a) the tension in wire AH, (b) the reactions at C and D. Assume that 
the bearing at D does not exert any axial thmst. 


50 mm 400 N 
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PROBLEM 4.118 (Continued) 


Coefficient of k: 


-25J + 300Z) -140x10- = 0 


-25(461.9) + 300 Z) y -140x10 =0 D y =505.1 N 


EF = 0: C + D + T - 400 j = 0 

Coefficient i: C x = 0 C x = 0 

Coefficient j: C y + (461.9)0.5 + 505.1-400 = 0 C v = -336 N 

Coefficient k: C. - (461.9)0.866 - 66.67 = 0 C_ = 467 N 


D = (505 N)j- (66.7 N)k ◄ 


C = -(336 N)j + (467 N)k ◄ 
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PROBLEM 4.119 

Solve Problem 4.1 15, assuming that the hinge at B is removed and 
that the hinge at A can exert couples about axes parallel to the y 
and z axes. 

PROBLEM 4.115 The rectangular plate shown weighs 75 lb and 
is held in the position shown by hinges at A and B and by cable 
EF. Assuming that the hinge at B does not exert any axial thrust, 
determine (a ) the tension in the cable, (b) the reactions at A and B. 
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PROBLEM 4.120 

Solve Problem 4.118, assuming that the bearing at D is removed 
and that the bearing at C can exert couples about axes parallel to 
the y and z axes. 

PROBLEM 4.118 The bent rod ABEF is supported by bearings 
at C and D and by wire AH. Knowing that portion AB of the rod 
is 250 mm long, determine (a) the tension in wire AH, (b) the 
reactions at C and D. Assume that the bearing at D does not exert 
any axial thrust. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


493 





PROBLEM 4.120 (Continued) 


Coefficient of k: -140xl0 3 - 25(461.9) + (M C )_ =0 

(M c ), = 151.54xl0 3 Nmm 
(M c ), = 151.5 N-m 

EF = 0: C + T -400j = 0 

M c =(20.0 N-m)j + (151.5 N-m)k ◄ 

Coefficient of i: C x = 0 

Coefficient of j: C y +0.5(461.9) -400 = 0 C y =169.1 N 

Coefficient of k: C, - 0.866(461.9) = 0 C z = 400 N 

C = (169. 1 N)j + (400 N)k ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


494 





PROBLEM 4.121 

The assembly shown is welded to collar A that fits on the vertical 
pin shown. The pin can exert couples about the x and z axes but 
does not prevent motion about or along the y-axis. For the loading 
shown, determine the tension in each cable and the reaction at A. 



or 


IF y = 0: 0.6 T cf + 0.8 T DE - 480 N = 0 

0.6T cf +0.ST de = 480 N 

lM y = 0: -(0.8^X0.135 m) + (0.6r D£ )(0.08 m) = 0 


( 1 ) 


or T de = 2.25 T cf (2) 

Substituting Equation (2) into Equation (1), 

0.6T cf +0.8[(2.25)r CF ] =480 N 

T cf = 200.00 N 

or T cf = 200 N ◄ 

and from Equation (2): T DE = 2.25(200.00 N) = 450.00 

or T de = 450 N ◄ 
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PROBLEM 4.121 (Continued) 


( b ) From F.B.D. of assembly: 

ZF, = 0: A, - (0.6)(450.00 N) = 0 A z = 270.00 N 
ZF t = 0: A x - (0.8)(200.00 N) = 0 A x =160.000 N 

or A = (160.0 N)i + (270 N)k ◄ 

ZM t = 0: M k +(480 N)(0.135 m) -[(200.00 N)(0.6)](0.135 m) 

-[(450 N)(0.8)](0.09 m) = 0 


M As = -16.2000 N m 

ZM, =0: M A - (480 N)(0.08 m) + [(200.00 N)(0.6)](0.08 m) 
+ [(450 N)(0.8)](0.08 m) = 0 


M a = 0 


or M A = -(16.20 N-m)i -4 
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y 



PROBLEM 4.122 

The assembly shown is used to control the tension T in a tape that 
passes around a frictionless spool at E. Collar C is welded to rods ABC 
and CDE. It can rotate about shaft FG but its motion along the shaft is 
prevented by a washer S. For the loading shown, determine (a) the 
tension T in the tape, (b) the reaction at C. 
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SOLUTION 


Free-Body Diagram: 



r BM - 12i 
r FiA =12j-8k 
r D!A =12i -16k 
r E/A = 12i - 24k 
r F/A - 12i - 32k 

BG = -12i + 9k 
BG = 15 in. 

X BC = -0.8i + 0.6k 

j; DH — 20 in.; A DH — -0.6i + 0.8j 
j; FJ = 20 in.; Z FJ = -0.6i + 0.8j 


Coefficient of i: 
Coefficient of k: 

| Eq. (1) — Eq. (2): 


£M a = 0: 


r BIA 


X T BG^BG + r DH X T DH^DH + V FIA X ^FJ^FJ 

~^ r F/A x (— 24 j) + r E/A x (— 24j) = 0 


i 

j 

k 


i 

j 

k 


i 

j 

k 

12 

0 

0 

+ 

12 

0 

-16 

Tdh + 

12 

0 

-32 

-0.8 

0 

0.6 


-0.6 

0.8 

0 


-0.6 

0.8 

0 



i 

j 

k 


i 

j 

k 

+ 

12 

0 

-8 

+ 

12 

0 

-24 


0 

-24 

0 


0 

-24 

0 


+12.8 T dh + 25.6 T fj - 192 - 576 = 0 
+9.6 T dh + 9.6T FJ - 288 - 288 = 0 


9.6F„=0 


( 1 ) 

(2) 

T fj = 0 ◄ 
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PROBLEM 4.123 (Continued) 


From Eq. (1): 
Coefficient of j : 

Coefficient of i: 
Coefficient of j: 
Coefficient of k: 


12.8C WW -268 = 0 
-1.2T bc + (16 x 0.6)(60.0 lb) = 0 
SF = 0: A + T bc X bg + T dh + T FJ — 24j - 24j = 0 


T dh = 60 lb ◄ 
T bg = 80.0 lb ◄ 


A x + (80X-0.8) + (60.0)(-0.6) = 0 A x = 100.0 lb 
Ay + (60.0X0. 8) - 24 - 24 = 0 A v = 0 

A, + (80.0)(-K).6) = 0 A z = -48.0 lb 

A = (100.0 lb)i - (48.0 lb)j ◄ 


Note: The value A y = 0 can be confirmed by considering YM BF = 0. 
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y 

PROBLEM 4.124 



16 iiu^ 

16 in. . 

Solve Problem 4. 123, assuming that the load at C has been removed. 


Din.'' 



\ 

PROBLEM 4.123 The rigid L-shaped member ABF is supported 



K 

\ 53 

\ by a ball-and-socket joint at A and by three cables. For the loading 





shown, determine the tension in each cable and the reaction at A. 

j 

& 

s' 


24 lb X 

16 in. 



''1241b J, \ 

> 

n. 



s' 

i 8 iri^ 
> 




r 
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PROBLEM 4.125 
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PROBLEM 4.125 (Continued) 


Noting that r c = -(420 mm)i + (320 mm)k 

r B = (320 mm)k 
r w = -ai + (320 mm)k 

and using determinants, we write 


i 

j 

k 


i 

j 

k 

-420 

0 

320 

Tcd + 

0 

0 

320 

0 

0.6 

-0.8 


-0.72414 

0.41379 

-0.55172 


i 

j 

k 


i 

j 

k 

0 

0 

320 

Tbe + 

—a 

0 

320 

0.79542 

0 

-0.60604 


0 

-1.8 

0 


Equating to zero the coefficients of the unit vectors, 

i: -192r cD -132.413T BD + 576 = 0 

j : -336 T cd - 23 1 .12T BD + 254.53 T BE = 0 

k: -252 T cd + 1 .8u = 0 

Recalling that a = 210 mm, Eq. (3) yields 


_ 1 . 8 ( 210 ) 
252 


= 1.500 kN 


From Eq. (1): -192(1.5) -132.413r BD +576 = 0 

T bd = 2.1751 kN 

From Eq. (2): -336(1.5)- 231.72(2.1751) + 254.53r B£ = 0 

T be = 3.9603 kN 


( 1 ) 

(2) 

( 3 ) 


T cd = 1.500 kN ◄ 

T bd =2.18kN ◄ 
T be = 3.96 kN ◄ 
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PROBLEM 4.126 

Solve Problem 4.125, assuming that the 1.8-kN load is 
applied at C. 

PROBLEM 4.125 The rigid L-shaped member ABC is 
supported by a ball-and-socket joint at A and by three 
cables. If a 1.8-kN load is applied at F, determine the 
tension in each cable. 


SOLUTION 

See solution of Problem 4.125 for free -body diagram and derivation of Eqs. (1), (2), and (3): 

-1927^-132.4137^+576 = 0 (1) 

-336 T cd - 23 1 .12T bd + 254.53 T BE = 0 (2) 

-252^+1.80 = 0 (3) 

In this problem, the 1.8-kN load is applied at C and we have a = 420 mm. Carrying into Eq. (3) and 
solving for T a) , 

T cd = 3.00 T cd = 3.00 kN ◄ 

From Eq. (1): — (192)(3) -1 32.4 13T BD +576 = 0 T BD =0< 

From Eq. (2): -336(3) - 0 + 254.53r B£ =0 T BE = 3.96 kN ◄ 
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PROBLEM 4.127 


The assembly shown consists of an 80-mm rod 
AF that is welded to a cross consisting of four 
200-mm arms. The assembly is supported by a 
ball-and-socket joint at F and by three short 
links, each of which forms an angle of 45° with 
the vertical. For the loading shown, determine 
(a) the tension in each link, ( b ) the reaction at F. 
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PROBLEM 4.127 (Continued) 


Eqs. (6) — (5): 


-160(-0.3r c )- 280P C + 200V2P = 0 
-232P C +200V2P = 0 


P c =1.2191P 


From Eq. (6): 
From Eq. (2): 


T b = -0.3(1.21 9 IP) = -0.36574 = P 
-200(-0.3657 P) - 200(1.2191 P) - 200 T eo = 0 


T d = -0.8534P 


EF = 0: F + + T c + T D - Pj = 0 

. ^ (-0.36574P) (-0.8534P) 

l: P.+- p= t = = 0 


p = -0.3448P 


fl 

p. = -0.345P 


r c =i.2i9P ◄ 
P R = -0.366 P ◄ 


P D = -0.853 P ◄ 


j. F (-0.36574P) (1.219 IP) (-0.8534P) 2QQ _ 0 




V2 


>/2 


p =P 


F =F 


* 


F, = -0.8620P P. = -0.862P 


F = -0.345Pi + Pj - 0.862Pk ◄ 
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PROBLEM 4.128 

150 mm 

Ja 


The uniform 10-kg rod AB is supported by a ball-and-socket joint at 
A and by the cord CG that is attached to the midpoint G of the rod. 


150 mm/ 

c 


Knowing that the rod leans against a frictionless vertical wall at B, 




determine (a) the tension in the cord, (b) the reactions at A and B. 

f.’yS 




400 mm 

O 




3 600 inm^^ 
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PROBLEM 4.128 (Continued) 


Coefficient of j : 


150 -(300x75 + 300 x 225) -^-^- = 0 

425 


B = 73.58 N 


B = (73.6 N)i ◄ 


EF = 0: A + B + T-Wj = 0 


Coefficient of i: 

A r +73.58-52.15— = 0 
425 

A x = -36.8 N ◄ 

Coefficient of j: 

A v +52.15— -98.1 = 0 
v 425 

A =73.6 N ◄ 

y 

Coefficient of k: 

225 

A. -52.15— - = 0 

A, = 27.6 N ◄ 
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PROBLEM 4.129 

Three rods are welded together to form a “corner” that is supported 
by three eyebolts. Neglecting friction, determine the reactions at 
A, B. and C when P = 240 lb, a — 12 in., b — 8 in., and c — 10 in. 


SOLUTION 


From F.B.D. of weldment: 

EM 0 = 0: x A + r BI0 x B + r c/0 x C = 0 


or 


i 

j 

k 


i 

j 

k 


i 

j 

k 

12 

0 

0 

+ 

0 

8 

0 

+ 

0 

0 

10 

0 

A V 

A- 


B x 

0 



C x 

c 

0 


(-12 A z j + 12 A v k ) + (8 BA - 8 B x k) + (- 10 C v i + 10 CJ) = 0 
From i-coefficient: 8 B_ - 10C y = 0 

5; =1.25 C y 


or 


j -coefficient: — 12A Z +10C X =0 

C X =1-2A Z 

k-coefficient: 12 A y — 8 B x = 0 


or 


or 


or 


or 


B x =1.5A y 

ZF = 0: A + B + C-P = 0 
(B x + C x )i + (Ay + C y - 240 lb)j + (A z + B z )k = 0 
From i-coefficient: B x + C x = 0 

C X =~B X 

j -coefficient: A v + C y - 240 lb = 0 

A v + C y = 240 lb 



( 1 ) 

(2) 

(3) 


(4) 

(5) 
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PROBLEM 4.129 (Continued) 


k-coefficient: A, + B_ = 0 


or 


A Z=~ B Z 


Substituting C x from Equation (4) into Equation (2) 
Using Equations (1), (6), and (7), 


-B = 1.2 A, 

Z Z 


y 1.25 1.25 1.25 


1.2 


1.5 


From Equations (3) and (8): 


1.5 A 

C„ = or C„ = A, 


1.5 


and substituting into Equation (5), 


2 A y = 240 lb 
A y = C y = 120 lb 

Using Equation (1) and Equation (9), 

B z =1.25(120 lb) = 150.0 lb 
Using Equation (3) and Equation (9), 

B x = 1.5(120 lb) = 180.0 lb 
From Equation (4): C x = -1 80.0 lb 

From Equation (6): A = -150.0 lb 

Therefore, 


(6) 

(7) 

(8) 


(9) 


A = (120.0 lb)j - (150.0 lb)k ◄ 
B = (l 80.0 lb)i + (150.0 lb)k ◄ 
C = -(180.0 lb)i + (120.0 lb)j ◄ 
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PROBLEM 4.130 (Continued) 


Substituting C x from Equation (4) into Equation (2), 


Using Equations (1), (6), and (7), 

C y = 0.85. = -0.8 A, 


From Equations (3) and (8): 



o 

I 

'sf 

II 

U 

Substituting into Equation (5), 

O 

II 

<N 


A v = 20.0 lb 

From Equation (5): 

C v = -20.0 lb 

Equation (1): 

B. = — 25.01b 

Equation (3): 

B x = 30.0 lb 

Equation (4): 

C x = -30.0 lb 

Equation (6): 

A, = 25.0 lb 


Therefore, 



fiv-40 


( 7 ) 


(8) 


A = (20.0 lb)j + (25.0 lb)k ◄ 
B = (30.0 lb)i- (25.0 lb)k ◄ 
C = -(30.0 lb)i- (20.0 lb)j ◄ 
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PROBLEM 4.131 



In order to clean the clogged drainpipe AE, a plumber has 
disconnected both ends of the pipe and inserted a power 
snake through the opening at A. The cutting head of the 
snake is connected by a heavy cable to an electric motor that 
rotates at a constant speed as the plumber forces the cable 
into the pipe. The forces exerted by the plumber and 
the motor on the end of the cable can be represented by 
the wrench F = -(48 N)k, M = -(90 N • m)k. Determine the 
additional reactions at B, C, and D caused by the cleaning 
operation. Assume that the reaction at each support consists 
of two force components perpendicular to the pipe. 


SOLUTION 

From F.B.D. of pipe assembly ABCD: 



*Fx= 0 : B x = 0 

ZM d(x _ axis) - 0: (48 N)(2.5 m) - B, (2 m) - 0 


5. = 60.0 N 


and B = (60.0 N)k ◄ 


^D (z -axis)=0: C_ v (3 m ) — 90 N • m = 0 


C y = 30.0 N 

£Af w>1 _ axis) - 0: - C,(3 m) - (60.0 N)(4 m) + (48 N)(4 m) - 0 

C z =-16.00 N 

and C = (30.0 N)j - (16.00 N)k ◄ 

ZF„ =0: Z), +30.0 = 0 


y “y 


D, = -30.0 N 


= 0: D_ - 16.00 N + 60.0 N - 48 N = 0 


D, = 4.00 N 


and D = -(30.0 N)j + (4.00 N)k ◄ 
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PROBLEM 4.132 

Solve Problem 4.131, assuming that the plumber exerts a force 
F = -(48 N)k and that the motor is turned off (M = 0). 

PROBLEM 4.131 In order to clean the clogged drainpipe AE, a 
plumber has disconnected both ends of the pipe and inserted a 
power snake through the opening at A. The cutting head of the snake 
is connected by a heavy cable to an electric motor that rotates at a 
constant speed as the plumber forces the cable into the pipe. The 
forces exerted by the plumber and the motor on the end of the cable 
can be represented by the wrench F = -(48 N)k, M = -(90 N • m)k. 
Determine the additional reactions at B, C, and D caused by the 
cleaning operation. Assume that the reaction at each support consists 
of two force components perpendicular to the pipe. 


SOLUTION 


From F.B.D. of pipe assembly ABCD: 



XF*= 0: B x = 0 

™ D(x _ a*,, - 0: (48 N)(2.5 m) - B z (2 m) - 0 

B, = 60.0 N and B = (60.0 N)k ◄ 

^ axis,=0: C y (3 m) - B x (2 m) = 0 

C v =0 

™ D(y _ ax is) =0: c z (3 m) - (60.0 N)(4 m) + (48 N)(4 m) - 0 

C. = -16.00 N and C= -(16.00 N)k ◄ 

ZF y =0: D y +C y = 0 


D= 0 


ZF z = 0: D z +B z +C z -F = 0 
D, + 60.0 N - 16.00 N - 48 N = 0 

D_ = 4.00 N and D = (4.00 N)k ◄ 
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SOLUTION 

Free-Body Diagram: 



W = mg = (50 kg)(9.81 m/s 1 ) 
W = 490.50 N 
CE = - 240i + 600j - 400k 
CE = 760 mm 


CF T 

T = T — = (- 240i + 600 j - 400k) 

CE 760 


, AB 480i - 200 j 1 /10 . C . N 

F AB = = = — (12l - 5j) 

AB AB 520 13 


— 0: F ab ■ (^eia^F 1 ) + F ab ■ (y g/a x 0/j)-0 

r E/A = 240i + 400 j; r G/A = 240i - lOOj + 200k 


12 

-5 

0 


12 

-5 

0 

240 

400 

0 

T 

+ 

240 

-100 

200 




13x20 




-240 

600 

-400 


0 

-IV 

0 


(-12 x 400x 400 - 5 x 240x 400) — + 12 x 200W = 0 

760 

T = 0.76W = 0.76(490.50 N) 7" = 373N ◄ 
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SOLUTION 


Free-Body Diagram: 

Dimensions in mm 



W - mg - (50 kg)(9.81 m/s 2 ) 
W = 490.50 N 
DE = -240i + 400 j - 400k 
DE = 614.5 mm 


DF T 

T = T = (240i + 400j - 400k) 

DE 614.5 

, AB 480i - 200j 1 /l/v c . x 

= = = — (12i — 5j) 

AB AB 520 13 


r E/A = 240i + 400j; r G/A = 240i - lOOj + 200k 


12 

-5 

0 


12 

5 

0 

240 

400 

0 

T 

+ 

240 

-100 

200 




13x614.5 




240 

400 

-400 


0 

-W 

0 


(-12x 400x 400 - 5 x 240x 400) — — + 12x 200x W = 0 

614.5 


T = 0.6145 IF = 0.6145(490.50 N) 


T = 301 N ◄ 
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PROBLEM 4.138 


The frame ACD is supported by ball-and-socket joints at A 
and D and by a cable that passes through a ring at B and is 
attached to hooks at G and H. Knowing that the frame 
supports at Point C a load of magnitude P = 268 N, determine 
the tension in the cable. 
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PROBLEM 4.138 (Continued) 


r B ,A = (0.5 m)i; r CM = (1 m)i; P = -(268 N)j 

To eliminate the reactions at A and D, we shall write 

^M AD =0: \ ad . (r B/A xTg C ) + 'k AD ■ (r B/A xT ffl ) + 'k AD • (r c/A xP) = 0 (1) 

Substituting for terms in Eq. (1) and using determinants, 


0.8 

0 

-0.6 


0.8 

0 

-0.6 


0.8 

0 

-0.6 

0.5 

0 

0 

Tbg , 

0.5 

0 

0 

Tkh , 

1 

0 

0 




1.125 




1.125 




-0.5 

0.925 

-0.4 


0.375 

0.75 

-0.75 


0 

-268 

0 


Multiplying all terms by (-1.125), 

0.277507^ + 0.22500 T BH = 1 80.900 (2) 

For this problem, T BC = T BH = T 

(0.27750 + 0.22500 )T = 1 80.900 T = 360 N ◄ 
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PROBLEM 4.139 

Solve Prob. 4.138, assuming that cable GBH is replaced by 
a cable GB attached at G and B. 

PROBLEM 4.138 The frame ACD is supported by ball-and- 
socket joints at A and D and by a cable that passes through a 
ring at B and is attached to hooks at G and H. Knowing that the 
frame supports at Point C a load of magnitude P = 268 N, 
determine the tension in the cable. 


SOLUTION 

Free-Body Diagram: 



= T, 


AD _ (1 m)i - (0.75 m)k 
AD~ 1.25 m 
-O.f 

BG 
BG 

-0.5i + 0.925j - 0.4k 


Amd - 


Xad - 0.8i -0.6k 


Tbg ~ T B c 


bg 


1.125 


T -T 

1 BH 1 BH 


= T, 


BH 


BH 

BH 

0.375i + 0.75j- 0.75k 
1.125 
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PROBLEM 4.139 (Continued) 


r B/A = (0.5 m)i; r c/A = (1 m)i; P = -(268 N)j 

To eliminate the reactions at A and D, we shall write 

X ad • (r B/A x T sc ) + • (r B/A x T bh ) + A, ad •(r c/A xP) = 0 (1) 

Substituting for terms in Eq. (1) and using determinants, 

0.8 0 - 0.6 0.8 0 - 0.6 0.8 0 - 0.6 

0.5 0 0 + 0.5 0 0 1m-+ 10 0 = 0 

1.125 1.125 

-0.5 0.925 -0.4 0.375 0.75 -0.75 0 -268 0 

Multiplying all terms by (-1.125), 

0.27750V + 0.22500V = 180.900 (2) 

For this problem, T BH = 0. 

Thus, Eq. (2) reduces to 

0.27750V = 1 80.900 T m = 652 N ◄ 
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SOLUTION 


Free-Body Diagram: 



ea — 0 : ^ea' ( t bie x T) + X EA ■ (j aE • ( 60j)) - 0 


7 

0 

-24 


7 

0 

-24 

16 

0 

0 

T 

+ 

16 

0 

-14 




21x25 




-16 

11 

-8 


0 

-60 

0 


24x16x11 ^ + -7x14x60 + 24x16x60 
21x25 25 


201. 14F + 17,160 = 0 

T = 85.314 lb T = 85.3 lb ◄ 
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0.15 m 




0.15 m 


PROBLEM 4.142 

A gardener uses a 60-N wheelbarrow to transport a 250-N bag of 
fertilizer. What force must she exert on each handle? 


SOLUTION 

Free-Body Diagram: 


2F 



+)IM A = 0: (2F)(1 m) - (60 N)(0. 15 m) - (250 N)(0.3 m) = 0 

F = 42.0 N ◄ 
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p 


PROBLEM 4.145 


A force P of magnitude 280 lb is applied to member ABCD, which is 
supported by a frictionless pin at A and by the cable CED. Since the cable 
passes over a small pulley at E, the tension may be assumed to be the 
same in portions CE and ED of the cable. For the case when a - 3 in., 
determine (a) the tension in the cable, ( b ) the reaction at A. 
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PROBLEM 4.146 

Two slots have been cut in plate DEF, and the plate has 
been placed so that the slots fit two fixed, frictionless pins A 
and B. Knowing that P— 15 lb, determine (a) the force each 
pin exerts on the plate, ( b ) the reaction at F. 


SOLUTION 

Free-Body Diagram: 

I 9 '». 


3 *{ 

ISA 

(a) = 0: 15 lb -B sin 30° = 0 B = 30.0 lb ^ 60.0° ◄ 

(b) +)IM a = 0: - (30 lb)(4 in.) + B sin 30°(3 in.) + B cos 30°(1 1 in.) - F(1 3 in.) = 0 

-120 lb in. + (30 lb)sin30°(3 in.) + (30 lb)cos30°(l 1 in.) - F(13in.) = 0 

F =+16.2145 lb F = 16.21 lb | ◄ 

(a) +| HF y = 0: A - 30 lb + B cos 30° - F = 0 

A - 30 lb + (30 lb) cos 30° - 16.2145 lb = 0 

A = + 20.23 lb A = 20.2 lb | ◄ 
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PROBLEM 4.148 

The spanner shown is used to rotate a shaft. A pin fits in a 
hole at A, while a flat, frictionless surface rests against the 
shaft at B. If a 60-lb force P is exerted on the spanner at D, 
find the reactions at A and B. 


SOLUTION 


Free-Body Diagram: 

(Three -force body) 



The line of action of A must pass through D, where B and P intersect. 

3 sin 50° 

tan a = 

3cos50° + 15 

= 0.135756 
a = 7.7310° 


_ 60 lb 

~ sin 7.7310° 
= 446.02 lb 


tan 7.7310° 
= 441.97 lb 



A = 446 lb 7.73° ◄ 
B = 442 lb — *- 4 
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SOLUTION 


Free-Body Diagram: 

(Three-force body) 


The reaction at A must pass through D where C and the 170-N force intersect. 

160 mm 

tan a = 

300 mm 

a = 28.07° 

We note that triangle ABD is isosceles (since AC — BC) and, therefore, 

<CAD -a- 28.07° 

Also, since CD ± CB, reaction C forms angle a = 28.07° with the horizontal axis. 



We note that A forms angle 2 a with the vertical axis. Thus, A and C form angle 

1 80° - (90° - a) - 2a = 90° - a 
Force triangle is isosceles, and we have 

A = 170 N 
C = 2(170 N)sinct 
= 160.0 N 


Force triangle 
X- 28.07' 



A = 170.0 N 2^ 33.9°; C = 160.0 N^28.1° ◄ 
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PROBLEM 4.150 (Continued) 


( b ) For tension in each wire = 8 lb, 


From Eq. (1): 


Slb = l^M 

30 + a 

30 in. + a = 45 


a = 15.00 in. 4 
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PROBLEM 4.152 



The pipe ACDE is supported by ball-and-socket joints at A and E and 
by the wire DF. Determine the tension in the wire when a 640-N load is 
applied at B as shown. 


SOLUTION 


Free-Body Diagram: 


Dimensions in mm 



AE = 480i + 1 60 j - 240k 
AE = 560 mm 

_ AE _ 480i + 160 j- 240k. 
ae ~~\E~ 560 

, _6i + 2j-3k 

k AE ~ ^ 

r B/A = 200i 
r d/a = 480i + 160j 

DF = -480i + 330j - 240k; DF = 630 mm 

t _ r PL-t -4B0i + 330j-240k -16i + llj-8k 

DF DF DF DF 630 DF 21 


AE ~ ^ AE ' ( r DM X ^DF ) + ^ AE ' ( V B!A X ( 600 j)) - 0 


6 

2 

-3 


6 

2 

-3 

480 

160 

0 

Tdf | 

200 

0 

0 




21x7 




-16 

11 

-8 


0 

-640 

0 


-6x160x8 + 2x480x8-3x480x11-3x160x16 
21x7 


1 DF 


3x200x640 

+ = 0 

7 


-1120r OF +384xl0 3 = 0 


T df = 342.86 N 


T df = 343 N ◄ 
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PROBLEM 4.153 


A force P is applied to a bent rod ABC, which may be supported in four different ways as shown. In each case, 
if possible, determine the reactions at the supports. 


p p 



p 



p 
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PROBLEM 4.153 (Continued) 


(c) + )IM C = 0: + Pa - (Acos30°)2a + (Asin30°)fl = 0 

A(1.732 + 0.5) = P A = 0.448.P 

A = 0.448P ^ 60.0° ◄ 

±^ZF x =0: -(0.448P) sin 30° + C x = 0 C X =022AP^ 

+| T,F y = 0: (0.448/’) cos 30 ° - P+C y =0 C y =0.612/’* 

C = 0.652 P 69.9° ◄ 

id) Force T exerted by wire and reactions A and C all intersect at Point D. 


*M D = 0 : P a = 0 

Equilibrium is not maintained. 




Rod is improperly constrained. M 
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PROBLEM 4.F2 

Neglecting friction, draw the free-body diagram needed to determine the 
tension in cable ABD and the reaction at C when 6 — 60°. 


SOLUTION 

Free-Body Diagram of Member ACD: 
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PROBLEM 4.F4 

Draw the free-body diagram needed to determine the tension 
in each cable and the reaction at D. 
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PROBLEM 4.F5 

A 4 x 8-ft sheet of plywood weighing 34 lb has been temporarily 
placed among three pipe supports. The lower edge of the sheet 
rests on small collars at A and B and its upper edge leans against 
pipe C. Neglecting friction on all surfaces, draw the free-body 
diagram needed to determine the reactions at A, B, and C. 


SOLUTION 
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PROBLEM 4.F6 

Two transmission belts pass over sheaves welded to an 
axle supported by bearings at B and D. The sheave at A 
has a radius of 2.5 in. and the sheave at C has a radius 
of 2 in. Knowing that the system rotates at a constant 
rate, draw the free-body diagram needed to determine 
the tension T and the reactions at B and D. Assume that 
the bearing at D does not exert any axial thrust and 
neglect the weights of the sheaves and axle. 


SOLUTION 

Free-Body Diagram of axle-sheave system: 
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CHAPTER 5 







PROBLEM 5.1 

Locate the centroid of the plane area shown. 


—I Ul in. 


SOLUTION 


y~> k 


O »' A < 


©-S'"*, 

T * C-i 


Z.S i A . 



A, in 2 

x, in 

y, in 

xA, in 3 

_vA,in 3 

1 

8 

0.5 

4 

4 

32 

2 

3 

2.5 

2.5 

7.5 

7.5 

X 

11 



11.5 

39.5 


XXA = TA 


X(llin 2 ) = 11.5in 3 


YZ,A = Z,yA 
7(11) = 39.5 


X =1.045 in. ◄ 


Y = 3.59 in. ◄ 
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SOLUTION 

For the area as a whole, it can be concluded by observation that 

F = 2(72 mm) 



or Y = 48.0 mm A 



A, mm 2 

x, mm 

xA, mm 3 

1 

2x30x72 = 1080 
2 

20 

21,600 

2 

2x48x72 = 1728 
2 

46 

79,488 

£ 

2808 


101,088 


Then X A -1.x A X (2808) = 101,088 or I=36.0mm ◄ 
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SOLUTION 



A, mm 2 

x, mm 

y, mm 

xA, mm 3 

yA, mm 3 

1 

126x54 = 6804 

9 

27 

61,236 

183,708 

2 

— xl26x30 = 1890 
2 

30 

64 

56,700 

120,960 

3 

— x72x48 = 1728 
2 

48 

-16 

82,944 

-27,648 

E 

10,422 



200,880 

277,020 


XEA=ExA 

X(l 0,422 m 2 ) = 200, 8 80 mm 2 or X = 19.27 mm ◄ 

FZA^ZyA 

7(10,422 m 2 ) = 270,020 mm 3 or 7 = 26.6 mm A 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


Then 


and 






— 6 in. — *- 



PROBLEM 5.4 

Locate the centroid of the plane area shown. 


SOLUTION 


L_ 

57 


— + / /.5 nri 



A, in 2 

x, in 

y , in 

xA , in 3 

yA, in 3 

1 

|(12)(6) = 36 

4 

4 

144 

144 

2 

(6)(3) = 18 

9 

7.5 

162 

135 

£ 

54 



306 

279 


= 

X(54) = 306 

K4 = £yA 
7(54) = 279 


X = 5.67 in. A 
Y =5.17 in. ◄ 
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r = 10 in. 


a = 5 in. 

J_ 



SOLUTION 


PROBLEM 5.5 

Locate the centroid of the plane area shown. 


r=/o/h. I* 

i 1 i 

By symmetry, Z = Y 






Component 

A, in 2 

x, in. 

xA, in 2 

I 

Quarter circle 

-(10) 2 =78.54 
4 

4.2441 

333.33 

II 

Square 

-(5) 2 = -25 

2.5 

-62.5 

E 


53.54 


270.83 


ZEA = IixA: Z (53.54 in 2 ) = 270.83 in 3 

Z= 5.0585 in. 


Z = F =5.06 in. ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 





6 in. , 8 in. 


PROBLEM 5.6 

Locate the centroid of the plane area shown. 



SOLUTION 


© 

- 4 

t 

<v 


■1 IW. 

— 



A, in 2 

x, in. 

y, in. 

xA, in 2 

vA, in 3 

i 

14x20 = 280 

7 

10 

1960 

2800 

2 

-7j:(A) 2 - - \6 k 

6 

12 

-301.59 

-603.19 

X 

229.73 



1658.41 

2196.8 


ZxA_ 1658AI 
~~ EA “ 229.73 

ZyA_ 2196.8 
_ EA _ 229.73 


X = 7.22 in. ◄ 
F = 9.56 in. ◄ 
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1 2 m. ) 

V? s' 3 in. 


k3 in. ■ 4*. 3 


PROBLEM 5.7 

Locate the centroid of the plane area shown. 


SOLUTION 


-o. Vt9in, | r- 2 'm- 


Cx„— 1- - 

I.S'l'n. 

" . T * 


I*— 3A. *| " m 3to . — *| 


(2 - 0 &/ 9 ) =^./A7/V ^ 


By symmetry, X — 0 



Component 

A, in 2 

y, in. 

yA, in 3 

I 

Rectangle 

(3)(6) = 18 

1.5 

27.0 

II 

Semicircle 

— — (2) 2 = -6.28 
2 

2.151 

-13.51 

E 


11.72 


13.49 


YXA=XyA 
F(1 1.72 in. 2 ) = 13.49 in 3 
Y = 1.151in. 


X =0 

F =1.151 in. ◄ 
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y 



PROBLEM 5.8 

Locate the centroid of the plane area shown. 


SOLUTION 





A, mm 2 

x, mm 

y, mm 

xA, mm 3 

y A, mm 3 

1 

(60X120) =7200 

-30 

60 

-216X10 3 

432 x10 s 

2 

— (60) 2 =2827.4 
4 

25.465 

95.435 

72.000x10 s 

269.83x10 s 

3 

-— (60) 2 = -2827.4 
4 

-25.465 

25.465 

72.000x10 s 

-72.000 x10 s 

Z 

7200 



-72.000 x10 s 

629.83 x10 s 


Then 


X4 = ETA X (7200)= -72.000 xlO 3 

YA-XyA Y (7200) = 629.83 xlO 3 


X = -10.00 mm ◄ 
F = 87.5 mm ◄ 
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SOLUTION 





A, mm 2 

x , mm 

y, mm 

xA, mm ! 

yA, mm 3 

1 

^(120)(75) = 4500 

80 

25 

360 xlO 3 

112.5X10 3 

2 

(75)(75) = 5625 

157.5 

37.5 

885.94X10 3 

210.94X10 3 

3 

— — (75) 2 = -4417.9 
4 

163.169 

43.169 

-720.86 xlO 3 

-190.716X10 3 

E 

5707.1 



525.08 xlO 3 

132.724 xlO 3 


Then 


XA = ZxA X (5707.1) = 525.08 xlO 3 

YA = Yy A 7(5707.1) = 132.724xl0 3 


X =92.0 mm ◄ 
7 = 23.3 mm M 
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PROBLEM 5.10 

Locate the centroid of the plane area shown. 


r 2 = 12 in. fj =8 in. ' 


SOLUTION 


First note that symmetry implies 


X=0 ◄ 


A 

4x12. 

/Iff" 

VTT ' 

( Cl 





A, in 2 

X in* 

yA, in 3 

1 

^ (8) = 100.531 
2 

3.3953 

-341.33 

2 

n(X2) = 226.19 
2 

5.0930 

1151.99 

X 

125.659 


810.66 


ZyA _ 810.66 in 3 
ZA “ 125.66 in 2 


Y - 6.45 in. A 
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Parabola - 


^ I r~ Vertex 


PROBLEM 5.11 

Locate the centroid of the plane area shown. 


'-r=1.8m X 

-4.5 m 4* 4.5 m ► 


SOLUTION 


First note that symmetry implies 


X =0 ◄ 



4 k i.8 




A, m’ 

y, m 

yA, m 3 

1 

— x4.5x3 = 18 
3 

1.2 

21.6 

2 

(1.8) 2 = -5.0894 

2 

0.76394 

-3.8880 

£ 

12.9106 


17.7120 


£yA_ 17.7120 m 3 
£A ~ 12.9106 m 2 


Y= 1.372 m ◄ 
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y 

Parabola . 
< 

f 

200 mm 

1 X 

PROBLEM 5.12 

Locate the centroid of the plane area shown. 







240 mm 

240 mm 




SOLUTION 





Area mm 2 

x , mm 

y, mm 

xA , mm 3 

yA, mm 3 

1 

^(200)(480) = 32xl0 3 

360 

60 

11.52X10 6 

1.92 x10 s 

2 

-^-(50)(240) = 4xl0 3 

180 

15 

-0.72 xlO 6 

-0.06 x10 s 

X 

28xl0 3 



10.80x10 s 

1.86x10 s 


XIA=IIA: X(28xl0 3 mm 2 ) = 10.80x10 s mm 3 

X = 385.7 mm 

Y'LA = 'LyA: F(28xl0 3 mm 2 ) = 1.86xl0 6 mm 3 

Y = 66.43 mm 


X = 386 mm A 


Y = 66.4 mm A 
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b = 4 in. 


PROBLEM 5.14 

Locate the centroid of the plane area shown. 


SOLUTION 




Dimensions in in. 



A, in 2 

x, in. 

y, in. 

xA, in 3 

yA, in 3 

1 

|(4)(8) = 21.333 

4.8 

1.5 

102.398 

32.000 

2 

-i(4)(8) = -16.0000 

5.3333 

1.33333 

85.333 

-21.333 

Z 

5.3333 



17.0650 

10.6670 


XY,A=Y,xA 

X (5.3333 in 2 ) = 17.0650 in 3 


YXA = XyA 

Y (5.3333 in 2 ) = 10.6670 in 3 


X = 3.20 in. ◄ 


or Y = 2.00 in. A 
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Semiellipse 


47 mm 47 mm 



PROBLEM 5.15 

Locate the centroid of the plane area shown. 


SOLUTION 


Dimensions in mm 

h i 


4 C| - 


U-l- 



A, mm 2 

x, mm 

y, mm 

xA, mm ! 

yA, mm 3 

1 

— x 47x26 = 1919.51 

0 

11.0347 

0 

21,181 


2 




2 

— x94x70 = 3290 
2 

-15.6667 

-23.333 

-51,543 

-76,766 

X 

5209.5 



-51,543 

-55,584 


-_ XxA _ -51,543 
XA “ 5209.5 


-_ XyA _ -55,584 
XA 5209.5 


X = -9.89 mm ◄ 
F = -10.67 mm ◄ 
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PROBLEM 5.16 



Determine the x coordinate of the centroid of the trapezoid shown in terms of 
hi, I 12 , and a. 


SOLUTION 




A 

X 

xA 


1 , 

1 


1 

— h.a 

— a 

— h } a 2 


2 1 

3 

6 1 

2 

1 . 

— n 0 a 

2 

— a 

— h.a 2 


2 2 

3 

6 - 

Z 

—a(h x +h 2 ) 


1 9 

—a~(h l + 2 h 2 ) 
6 


y _ IxA _ }a 2 (h l +2h 2 ) 
XA ^a(h l +h 2 ) 


1 h l + 2 h 2 

X — — a 

3 h^+h-, 
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r = 10 in. 



SOLUTION 


PROBLEM 5.17 

For the plane area of Problem 5.5, determine the ratio air so that the 
centroid of the area is located at point B. 


— J~ Cr 
r i a \v\ 1 x * 

m jllj 


-I SI- 


_ ^ a_ -> J 

c *z I 




By symmetry, X - Y. For centroid to be at B, X = a. 




Area 

X 

x A 

I 

Quarter circle 

1 2 
—nr 

4 r 

— r 3 


4 

3 n 

3 

II 

Square 

-a 2 

1 

—a 

0 

1 3 

a 

0 


n ^ 2 

— r —a 
4 


1 3 1 3 

— r a 

3 2 


= x( — r 2 -a 2 ) = -r 3 --a 3 

U J 3 2 


Set X - a: 


K 2 2 1 1 3 1 3 

U J 3 2 


1 3 2Z" 2 1 3 n 

—a~ r~a H — r =0 

2 4 3 


1 ^ 

Divide by — r : 
2 


a n a ^ 2 _ ^ 

7 J _ 2’7 + 7 _ 


- = 0.508 ◄ 
r 
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PROBLEM 5.19 (Continued) 


Using Figure 5.8B, Y of an arc of radius —(r\ + r 2 ) is 


- 1 sin(f - a) 

Y = — (?i + r 2 ) — — 

2 1 (f-cr) 


v 2 

cos# 


— (r, + r 2 ) 

2 (f-cr) 


Now 


Let 


Then 


and 


r\ - _ ( r 2 - r i)( r 2 2 + hh + >\ ) 

h ~ >\ ( r 2 ~ 'i)( r 2 + r i) 

_ r 3 2 + r t r 2 + f, 2 
r 2 + ? i 

r 2 = r + A 
rj = r- A 

1 . 

r = 7^1 + r 2 ) 

r 2 - /j 3 _ (r + A) 2 +(r + A )(r - A)(r — A) 2 
r 2 2 — rf (r + A) + (r — A) 

_ 3r 2 + A 2 
~ 2r 


In the limit as A — ► 0 (i.e., r x = r 2 ), then 


So that 



Y 


3 


2 

3 

2 

2 

I 


r 


x ^-(r 1 + r 2 ) 

3 

x -(h + C2) 


coscr 



which agrees with Equation (1). 


( 1 ) 


- . . cos a . 

or Y=(r 1 + r 2 ) r — ◄ 


K-2a 
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PROBLEM 5.20 

The horizontal x-axis is drawn through the centroid C of the area shown, and 
it divides the area into two component areas A\ and A2. Determine the first 
moment of each component area with respect to the x-axis, and explain the 
results obtained. 
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PROBLEM 5.21 

The horizontal x-axis is drawn through the centroid C of the area shown, 
and it divides the area into two component areas A x and A 2 . Determine the 
first moment of each component area with respect to the x-axis, and 
explain the results obtained. 

6.5 

A 2 

[_(_J 

—I 20 U 

Dimensions in nini 


V 


|— 40— » 

— 40— | 

» 

L 


,5j 

' 

f — * 

X 


SOLUTION 



Area above x-axis (Area A^: 

Q x ='ZyA= (25)(20x80) + (7.5)(15x20) 
= 40xl0 3 +2.25xl0 3 


Area below x-axis (Area A 2 ): 


Q 2 =I,yA = (-32.5X65x20) 
\Q X \ — \Q 2 \, since C is centroid and thus, Q-H y A = 0 


Q x = 42.3X10 3 mm 3 ◄ 
<2i = -42.3xl0 3 mm 3 M 
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300 mm 


12 mm 


PROBLEM 5.22 


A composite beam is constructed by bolting four 
plates to four 60 x 60 x 12-mm angles as shown. 
The bolts are equally spaced along the beam, and 
the beam supports a vertical load. As proved 
in mechanics of materials, the shearing forces 
exerted on the bolts at A and B are proportional to 
the first moments with respect to the centroidal 
x-axis of the red-shaded areas shown, respectively, 
in parts a and b of the figure. Knowing that the 
force exerted on the bolt at A is 280 N, determine 
the force exerted on the bolt at B. 
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PROBLEM 5.23 

The first moment of the shaded area with respect to the x-axis is denoted by Q x . 
( a ) Express Q x in terms of b, c, and the distance y from the base of the shaded 
area to the x-axis. (b) For what value of y is Q x maximum, and what is that 
maximum value? 


SOLUTION 

Shaded area: 


(a) 

(b) For GU. 


For y = 0, 


A = b(c - y) 

Qx = y A 

= -(c+y)\b(c-y)\ 

Qx = ~b(c 2 - y 2 ) 

— = 0 or —b(—2y) = 0 
dy 2 



(C. + y)-y 



◄ 

y = 0 ◄ 



(: Qx) = \bc 2 ◄ 
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y 


PROBLEM 5.24 



A thin, homogeneous wire is bent to form the perimeter of the figure 
indicated. Locate the center of gravity of the wire figure thus formed. 


SOLUTION 

First note that because the wire is homogeneous, its center of gravity will coincide with the centroid of the 
corresponding line. 




L, mm 

x, mm 

y, mm 

yL, mm 2 

yL, mm 2 

1 

V30 2 +72 2 =78 

15 

36 

1170.0 

2808.0 

2 

V 48 2 +72 2 =86.533 

54 

36 

4672.8 

3115.2 

3 

78 

39 

72 

3042.0 

5616.0 

E 

242.53 



8884.8 

11,539.2 


Then XI.L = I.xL 

X (242.53) = 8884.8 

and Y Y,L = Y,yL 

Y (242.53) = 1 1,539.2 


or X =36.6 mm M 


or Y = 47.6 mm 4 
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- 6 in. — <-U 6 in. - 



PROBLEM 5.26 

A thin, homogeneous wire is bent to form the perimeter of the figure 
indicated. Locate the center of gravity of the wire figure thus formed. 
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r = 10 in. 


a — 5 in. 



PROBLEM 5.27 

A thin, homogeneous wire is bent to form the perimeter of the figure 
indicated. Locate the center of gravity of the wire figure thus formed. 
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-* — 80 mm- 


— L 

PROBLEM 5.28 

B 




1 ’ The homogeneous wire ABCD is bent as shown and is attached to a 

hinge at C. Determine the length L for which portion BCD of the 
wire is horizontal. 

T 

60 mm 

L_ 

\ 

! c 

1 

\'a 



SOLUTION 


First note that for equilibrium, the center of gravity of the wire must lie on a vertical line through C. Further, 
because the wire is homogeneous, the center of gravity of the wire will coincide with the centroid of the 
corresponding line. Thus, 

X = 0 so that XX L-0 



Then 


+ (-40 mm)(80 mm) + (-40 mm)(100 mm) = 0 
Z? = 14,400 mm 2 L = 120.0 mm A 
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PROBLEM 5.29 


The homogeneous wire ABCD is bent as shown and is attached to a 
hinge at C. Determine the length L for which portion A B of the wire 
is horizontal. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


582 






SOLUTION 


First note that for equilibrium, the center of gravity of the wire must lie on a vertical line through A. Further, 
because the wire is homogeneous, its center of gravity will coincide with the centroid of the corresponding 
line. Thus, 


so that 
Then 

or 


X =0 
ZxL = 0 


f 1 

— — r cos# |(r) + 


cos 6 = - 


2 r 


K 


- r cos# \(Kr) = 0 


1 + 

= 0.54921 



or <9 = 56.7° ◄ 
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A 

a 



PROBLEM 5.31 

t 

/ 

A uniform circular rod of weight 8 lb and radius 10 in. is attached to a pin at C and 

V 

/ 

r 

J 

to the cable AB. Determine (a) the tension in the cable, (b) the reaction at C. 


c 
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f * — kb — *"| 
b 


SOLUTION 


PROBLEM 5.32 

Determine the distance h for which the centroid of the shaded 
area is as far above line BB' as possible when ( a ) k — 0.10, 
(b) A' = 0.80. 



/®v 

I— kh>-J 


A 

y 

yA 

1 

1 

1 2 , 

—ba 

— a 

—a 2 b 

2 

3 

6 

— -(kb)h 

-h 

-—kbh 2 

2 

3 

6 

b 

— {a — kh) 


-(a 2 -kh 2 ) 
6 


FXA = XyA 

Y — ( a — kh ) =-(a 2 -kh 2 ) 

2 6 


Simplifying Eq. (2) yields 


o’ — kli’ 
3(a — kh) 


dY _ 1 -2kh(a — kh) - (a~ - kh 2 ){—k) 
dh 3 ( a-kh ) 2 


2 li(a — kh) -a 2 + kh 2 — 0 


kh~ — 2 ah + a — 0 
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SOLUTION 

See solution to Problem 5.32 for analysis leading to the following equations: 

— a 1 — kh 2 
3 (a - kh) 

(1) 

2 h(a - kh) — a 2 + kh 1 — 0 

(2) 

Rearranging Eq. (2) (which defines the value of h which maximizes Y) yields 


a~ — kh 2 = 2h(a - kh) 


Then substituting into Eq. (1) (which defines Y), 


Y= 1 x2 h(a kh) 

3 ( a - kh) 

or Y =—h -4 
3 
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y 


PROBLEM 5.34 
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PROBLEM 5.35 



y = h( 1 - kx 3 ) 


Determine by direct integration the centroid of the area shown. Express 
your answer in terms of a and h. 
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PROBLEM 5.36 

Determine by direct integration the centroid of the area shown. Express 
your answer in terms of a and h. 
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PROBLEM 5.36 (Continued) 




xA = | x EL dA: x 


1 


1 


—ah = — a"h 

12 


= | y EL dA: y^j:ah\ = ^ah 2 


x = —a A 

2 

y=-h ◄ 

' 5 
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PROBLEM 5.37 

Determine by direct integration the centroid of the area shown. 
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y 


PROBLEM 5.38 

i 

1 

a 2 Z) 2 

Determine by direct integration the centroid of the area shown. 






SOLUTION 

For the element (EL) shown, 
and 


y 


b l~2 
= — \la 


and 


dA = (b— y)dx 

“I 

a ' 


b / l~2 2~\ 

= —\a-ya -x 
a \ 


dx 


y E L = -(y +b ) 


2 a \ 


2 2 

a - x 


Then 

H 

j"d!A = J —^a — 'Ja 2 —x 2 ^dx 

To integrate, let 

x = as\n6\ y/a 2 —x 2 = a cos 6, dx = a cos 6 d6 

Then 

H 

.71/2 b 

—(a — a cos 0){a cos GdG) 
'o a 


_ b 
a 

= ab 


2 . n 2 e .26 

a sin 6- a — + sin — 


v 4 


n! 2 


Jx £i t/A = J x — | a— fa 2 -x 2 j 


Jx 


fl 2 1/2 ^ s3/2 

— x + — (a" - x ) 

2 3 


nil 


= -a 3 b 

6 
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SOLUTION 


2 2 Z? 9 

= k y x but b = k x a y { = —~x 


y 2 — k,x 4 but b = k 2 a 4 _y 2 


dA = (y 2 - y l )dx = — 


4 > 


c/x 


X„ = X 


V£L=-(>’l + y 2 ) 


£> 

2a 2 


/ 4^ 

2 * 

x 2 +- 

v a y 





X 

T 


1 2 , 
= — a b 
12 


6a 
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PROBLEM 5.40 (Continued) 
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tj = 2h - cx 2 


PROBLEM 5.41 

Determine by direct integration the centroid of the area shown. Express your 
answer in terms of a and b. 
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PROBLEM 5.42 



Determine by direct integration the centroid of the area shown. 


SOLUTION 


yhO+Z-Zjs) 


x y E L=^y dA=ydx 




rL ( v r 2 i v 2 2r 3 5 

= [ h 1 + - — 2 — dx — h x + - — = — hL 

Jo { L L 2 J l 2L 3 Z? J 0 6 


§ x EL dA — 


f ,, x n x , , r L x . x 

xh 1h 2-r- dx = h\ x H 2— 

Jo L L Jo I. Jr 


2 . 3 0 4 ^ 1 

, X lX I , 2 

: h — + = -hL 

2 3 L A L 2 J 0 3 

f f 5 A j 

: x™ dA: x — /zL = — hi} 

J EL l 6 J 3 


■ — hL y F1 - — y y = h 1 + — -2— 
6 2 L L 2 


x = — L ◄ 
5 


|.v £i ^ = i|y 2 Jx = ^| 


/? 2 r L f x x 2 | , 

= — 1h 2— dx 

2 J o L L 2 


,2 2 4 2 3 \ 

x , X „ X . X , X 

— 1 + — + 4— + 2 4— -4— dx 

2 Jo L 2 L 4 L L 2 L 3 


h x Ax x" Ax x A 2 t 

1 X H t- H — H » t" — — h L 

2 3L” 5L 4 L 3 Lr L 3 „ 10 


y t / 2L = To /?2iL 


- 12 , ^ 
v = — h ^ 
25 
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PROBLEM 5.43 



Determine by direct integration the centroid of the area shown. Express 
your answer in terms of a and b. 


SOLUTION 

For yi at x = a, 


y — 2b, 2 b-ka 2 , or k=~y 


2b 2 

)i=— * 



By observation, 
Now 

and for 0 < x< a. 
For a<x< 2a, 


b , . , s . x 

y 2 = — (x + 2b) = b 2 

'a 1 a 


1 b 


y EL = — y x = — x and dA = y t dx = — xdx 
2 a 1 a~ 

1 b ( x^\ 

y E L =->’2 =- 2-- and dA = y 2 dx = b 2 \dx 

2 2 \ a v a 




/• 2 a 

f b 

( x^ 

2-- 

J a 

\ a) 


2b x 3 , a( x) 7 , 

= — — +b 2 =-ab 

a 2 3 2y a) 6 

l jo L Jo 


\ X EL dA ~ J Q 


= V X\22 x 1 dx\+ [ 2a X b\2-^-\dx 


4 " 

a 

X 

+ b 

4 

0 


+ h - (a) 2 J + — |^(2a 2 ) — (a) 3 J 


7 2, 
= — a b 

6 
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PROBLEM 5.44 



Determine by direct integration the centroid of the area shown. Express 
your answer in terms of a and b. 


SOLUTION 

For y 2 at x — a, 


y-b, a -kb 2 , or k=-f- 

b 2 

.' , 2=-T=* 1 ' 2 

\Jci 



*— dx 



f 


77 M 


and for 0 < x < — , 
2 


— _ y 2 _ b x in 
yEL ~~2~ ~2~Ja 


dA = y 2 dx = b—^dx 
Ja 


For —<x<a, 
2 


1 . b x 1 x 112 

^ 7 . =-(>i + y 2 ) = - — -+-/=■ 

2 2 a 2 V<i 


x 1/2 x 1 

dA = ( y 2 — Vj )dx = b ( — <ix 

Vfl « 2 , 


=J dA =J. 


,9 1/2 ( 1/2 . \ 
a/2 , X , , X X 1 , 

b—j=dx+ b —= 1 — dx 

3 Ja ■* a/2 l Vn 2 


6 2 3/ 9 , 2 x 3/2 x 2 1 

—i= —x +b i=- + — x 

Ja\_3 Jo 3 Ja 2 a 2 


✓ \ 3/2 / \3/2 

3 Ja V 2 J UJ 


, 1 , 2 . fa) 1 [ a 

= — 06 

24 
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PROBLEM 5.44 (Continued) 


■- r /2 f i xin ^ 1 r , x in x i 

Jo ion \J^ a 2 


h r ? T /2 r 9 r 5/2 r 3 r 4 

t/ Z, 5/0 , Z, A A A 

-=■ -X + 6 5=- + — 

\ja L5 J 0 5 -sja 3 a 4 


~ , / \5/2 / \5 /2 

:-A “ +W “-f“ 

5 Va UJ UJ 


j 1 i ( n \ 2 

+b\~— (a) 3 +- (a) 2 

1 3o V 2 J 4 V 2 J 


71 2/ 

a b 

240 


\y^ dA= \ t 


■^bx U2 ,x 1/2 , 

=■ b—j=dx 

0 2 ~Ja -Ja 


r« b x 1 x 1/2 l ,fx 1/2 x lJ 

+ 1 — 1 — -[=■ b — i= 1 — clx 

j a/2 2 1 a 2 yja J l Ja a 2 


7,2 r 1 ~\ a/ 2 7 2 ( 2 1 / 1 \3 

b \ 7 b x 1 / a 1 i 

A 2 + 


2 2a 3a 1 a 2 


=iW’ t(1) .-W’ f— Y 
4 a UJ UJ 6a U 2 J 

= AI«Z, 2 

48 


Hence, 


13 71 2 , 

_ 17 

— ab = a~b 

x = a 

24 J 240 

1/0 

13 A 11 . 

11 

— ab — — ab 

y = — b = 

to 

oo 

’ 26 
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SOLUTION 

First note that because the wire is homogeneous, its center of gravity coincides with the centroid of the 
corresponding line. 

Now 


where 


Then 


and 


x el ~ a c °s 3 0 and dL = > Jdx 2 +dy 2 


x=ocos 3 6\ dx — -3a cos 2 0 sin OdO 
y-a sin 3 0: dy — 3a sin 2 0 cos Odd 


dL = [(-3a cos 2 tfsin OdO) 1 + (3 a sin 2 <9 cos OdO) 2 ] 112 
= 3 a cos 0 sin <?(cos 2 0 + sin 2 0) { ' 2 dO 
= 3a cos 0 sin OdO 

-\7tI2 

r miL i i ^ 

L = 


r r nil 

1 o 

\ dL = 3a cos 0 sin OdO = 3 a 

-sin" 0 

J Jo 

_2 


3 

: —a 
2 

■ n! 2 


f— f 1 

jx EL dL-j a cos 0 (3a cos 0 sin OdO) 


= 3a 


— cos 5 0 
5 


nil 


3 2 

= —a 
5 



Flence, 

Alternative Solution: 


r- _f3 ^ 
xL = J x EL dL : x a 


3 2 

= —a 
5 


x — a cos 3 0 => cos - 0 = 


/ \2/3 

1 X 


y-a sin 3 0 => sin 2 0 — 


f \2/3 

2 J 


- 2 <4 

x = —a ^ 

5 


f.y 2/3 f_ y y 2/3 


x 


+ — 

, a 


= 1 or y = (a 2/3 — x 2/3 ) 3/2 
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y = a sin 



PROBLEM 5.48 

Determine by direct integration the centroid of the area shown. 


SOLUTION 


/lAT 

T 


a 

l 


— y -A 

U 4l A 


y — a sin - 


X EL = x > y E L = - dA = y dx 

p LI1 p LI2 * 

A = ydx-a\ sin^^r/v 
Jo ' Jo L 

r , \1 U2 

, L nx aL 

A- a — -cos — = — 

_x\ L J Jo n 

p r LI 2 p L/2 

J x EL dA — J xydx = J xa sin — — dx 


Setting u = — , we have x = — u, dx- — du. 


Integrating by parts, 


*n( L i . L, L\ r^/2 _ 

— u osinw — du — a — u sin xdu 

o l n ) f I \ 7T ) J o 


\x FT dA—[ — u I a sin u — du\ — a — f u sin xdu 

J EL Jo u J U J UJ Jo 

f- ( L ) 2 (r -\7iH r n A aL 2 

\x EL dA-a — d— mcosmJq + cos udu> = — — 

J \ 7 l) [ Jo J 71 

f — , . f ^2 1 2 , 1 2 f • 2 2TX Cl~ L j" ;r|, 2 _ j 

Vp,flA= —ydx-—a sin — <xr = sin mam 

J EL Jo 2' 2 Jo L 2n Jo 

r /21 „ o w a 2 A i • o 7 /2 1 2 r 

= — — — (l-cos2 u)du— u sin 2 m -—aL 

2n~ J 0 2 \n 2 n 8 


aL i aL 

_ L 



x — — 

◄ 

_ 71 J 7T 

n 


aL^ 1 2r 

_ n 


— = —a L 

y = — a 

◄ 

K J 8 

' 8 
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SOLUTION 


We have 


and 



Then 


A = 


\dA = V -a 2 e 2e dO^-a 2 

1 

<N 

-1 

J Jo 2 2 

L2 J 


= —a 2 (e 2 * - 1) 
4 


and 


= 133.623a 
j x EL dA = J 


Jl 2 a 

= | —ae cos# 
o 3 


1 2 26 in 

—a e dO 

2 


1 3 f ; 

-—a 

3 Jo 


e 36 cos 0d9 


To proceed, use integration by parts, with 


u — e w and du = 3e i0 d9 


Then 

Now let 

Then 


dv = cos8d& and v = sin^ 
j" e w cos OdO = e w sin 0 - J sin 9(3e 3e d9) 


u = e w then du — 3 e e d9 


dv — sin OdO, then v = — cos 0 

# - J (- cos 0)(3e 36 d0) 


e 3e cos OdO = e 3e sin 0 - 3 


-e ie cos ( 
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— 4 in.— H 




5 i 

n. 



_1 in. 

J 


2 in. 


Li, 


PROBLEM 5.52 

Determine the volume and the surface area of the solid obtained by rotating 
the area of Problem 5.1 about (a) the x-axis, (b) the y-axis. 


SOLUTION 

From the solution of Problem 5. 1 , we have 

A = llin 2 
ExA = 11.5 in 3 
EyA = 39.5 in 3 

Applying the theorems of Pappus-Guldinus, we have 
( a ) Rotation about the x-axis: 

Volume = 2 ny wt . d A = 2/rEyA 
= 2;r(39.5in 3 ) 


vl© 




© 


<§) 


kD 


< 3 > 




Q) X 

or Volume = 248 in 3 A 


Area = 2/r y ]inc L = 2xI,(y line )L 

= 2 7T(y 2 Ln + >3^3 + >4^4 + .^5^5 + 3*6 A + + V’g ^8 ) 

- 2*[(1)(2) + (2)(3) + (2.5)(1) + (3)(3) + (5.5X5) + (8)(1) + (4)(8)] 

or Area = 547 in 2 A 


( b ) Rotation about the y-axis: 

Volume = 2;rx area A = InYbxA 

= 2^(11. 5 in 3 ) or Volume = 72.3 in 3 A 


Area = 2 xx Me L = 2^Z(x line )L 

= 2 n{x x Ly + x 2 L 2 + x 3 L, + x 4 L 4 + x 5 L 5 + x 6 L 6 + x 7 Ly ) 

= 2*l(0.5)(l) + (1)(2) + (2.5)(3) + (4)(1) + (2.5)(3) + (1)(5) + (0.5)(1)] 

or Area = 169.6 in 2 A 
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SOLUTION 

From the solution of Problem 5.2, we have 

A = 2808 mm 2 
x = 36 mm 
y — 48 mm 

Applying the theorems of Pappus-Guldinus, we have 
(a) Rotation about the line y = 72 mm: 

Volume = 2n(12 - y)A 

= 2^(72-48)(2808) 

Area = 2 ;ry line L 
= 2n'Z(y ]ine ) L 
— 27i(y^L^ + v. 0; ) 

where y, and y 3 are measured with respect to line y = 72 mm. 

(36) f a/48 


° 2 +72 2 1 + 


Area = 2;r 


( b ) Rotation about the x-axis: 

Volume = 2^y area A 

= 2;r(48)(2808) 

Area = 2;ry line L = 2^E(y line )L 

= 2tt( y’| + yjLj + V3^3 ) 


(36) f a/30 


2 +72 2 


<s> 



Volume = 423 x 10 3 mm 3 A 


Area = 37.2 xlO 3 mm 1 A 


Volume = 847x1 0 3 mm 3 A 


= 2 n 


(36) f a/ 48 2 +72 2 + (72)(78) + (36) f a/30 2 +72 2 


Area = 72.5x1 0 3 mm 2 ^ 
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SOLUTION 


From the solution of Problem 5.8, we have 

A = 7200 mm 2 
ExA = -72xl0 3 mm 3 
E yA — 629.83xl0 3 mm 3 

Applying the theorems of Pappus-Guldinus, we have 
(a) Rotation about line x = -60 mm: 

Volume = 2;r(x + 60) A = 2;r(ExA + 60 A) 
= 2;r[-72 x 10 3 + 60(7200)] 


y 


CD 



Volume = 2. 26x1 0 6 mm 3 A 


Area = 2k x Me L = 2;rE(x line )L 
= 2k(x 1 L 1 + x 2 L 1 + x 3 Lj) 


2k 

‘f60 - 2(60) ]| 

r^eov. 

f60 + 2<60) ] 

<60X120)1 


A n r 

v 2 J 


l 2 J 


where x 1 ,x 2 ,x 3 are measured with respect to line x = -60 mm. Area = 1 16.3xl0 3 mm 2 M 

(b) Rotation about line y - 120 mm: 

Volume = 2^(120 - y)A = 2k(120A -E yA) 

= 2tt[ 120(7200) - 629.83 xlO 3 ] Volume = 1.47 lx 10 6 mm 3 ◄ 


Area = 2 Ky^L = 2;rE(y line )L 
= 2x(>’, L, + y 2 Lj Vt-C) 

where y , , y 2 , V4 are measured with respect to line y = 120mm. 


Area = 2k 

Tl20- 2(60) ] 

( ;r( 60 ) V; 

r 2 ( 60 )\ 

f* ( f ) '| + < 60 )( 120 )l 


V * ) 

l 2 ) 

l X J' 

l 2 ) 


Area = 1 16.3xl0 3 mm 9 A 
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IJ 


A PROBLEM 5.55 

* /"'■ 


Determine the volume of the solid generated by rotating the parabolic 

1 / 

h / 

i L 


area shown about (a) the x-axis, (, b ) the axis A/V . 

V — a — ► 

- — a — 4 - — o — - 

A x 


SOLUTION 


4 

First, from Figure 5.8a, we have A = — ah 


- 2 i 

v = — h 
5 


Applying the second theorem of Pappus-Guldinus, we have 


(a) Rotation about the x-axis: 


Volume = 2 Try A 

(2 V 4 ^ 

= 2 n —h —ah 

U A3 J 

or Volume = —7tah 2 M 
15 

( b ) Rotation about the line AA'\ 


Volume = 2^(2«)A 
( 4 

= 2^(2fl) —ah J 

or Volume = —na 2 h A 
3 
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PROBLEM 5.57 

Verify that the expressions for the volumes of the first four shapes in Figure 5.21 on Page 264 are correct. 
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PROBLEM 5.58 

Determine the volume and weight of the solid brass knob shown, knowing 
that the specific weight of brass is 0.306 lb/in 3 . 


SOLUTION 




0,1 fin. 



Volume of knob is obtained by rotating area 
at left about the x-axis. Consider area as made 
of components shown below. 


If. 


4r . WaifJ 
3*r ~ 3V 


- 0, 3/63/» 

"T 


<2r 


o- X*. 

r ' * 


+ 

4- 

O.ZS"! 

T 



T 

cm . 


■T 



0.6 

L _ 






Area, in 2 

in* 

yA, in 3 

1 

— (0.75) 2 = 0.4418 
4 

0.8183 

0.3615 

2 

(0.5)(0.75) = 0.375 

0.25 

0.0938 

3 

(1.25X0.75) = 0.9375 

0.625 

0.5859 

4 

— (0.75) 2 =-0.4418 
4 

0.9317 

-0.4116 

I 



0.6296 



V = 2 nlLyA = 2^(0.6296 in 3 ) = 3.9559 in 3 
W = yV = (0.306 lb/in 3 )(3. 9559 in 3 ) 


V = 3.96 in 3 ◄ 
W = 1.21 lib ◄ 
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PROBLEM 5.61 

The escutcheon (a decorative plate placed on a pipe where the 
pipe exits from a wall) shown is cast from brass. Knowing that 
the density of brass is 8470 kg/m 3 , determine the mass of the 
escutcheon. 


SOLUTION 


The mass of the escutcheon is given by m = (density)V, where V is the volume. V can be generated by 
rotating the area A about the .r-axis. 

, 

L, = V 75 2 -12.5 2 = 73.9510 : 

37.5 

- ~ tan 26° 


From the figure: 


m 


■ = 76.8864 mm 


a = L 1 —L l = 2.9324 mm 
_i 12.5 


> = sin 


a = - 


75 

26° -9.5941 


= 9.5941° 

= 8.2030° = 0.143168 rad 



Area A can be obtained by combining the following four areas: 

I© \ ^ 




24 * 



Applying the second theorem of Pappus-Guldinus and using Figure 5.8a, we have 

V — 2n yA — 2 ;r£ yA 


Seg. 

A, mm 2 

y, mm 

yA, mm 3 

1 

^-(76.886)(37.5) = 1441.61 

—(37.5) = 12.5 
3 

18,020.1 

2 

-a(15) 2 = -805.32 

2(75)sincr . . ^ 

— sin ( a + (/> ) = 15.2303 

3 a 

-12,265.3 

3 

-^-(73.951)(12.5) = -462.19 

—(12.5) = 4.1667 
3 

-1925.81 

4 

-(2.9354)(12.5) = -36.693 

— (12.5) = 6.25 
2 

-229.33 

£ 



3599.7 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


624 





PROBLEM 5.61 (Continued) 


Then V = 2nY.yA 

= 2^(3599.7 mm') 

= 22, 618 mm 3 
m = (density) V 

= (8470 kg/m 3 )(22.618x 10~ 6 m 3 ) 

= 0.191574 kg or m — 0.1916 kg A 
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4 in. 




■10 in. 


PROBLEM 5.63 

Knowing that two equal caps have been removed from a 10-in. -diameter wooden 
sphere, determine the total surface area of the remaining portion. 
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PROBLEM 5.65* 

The shade for a wall-mounted light is formed from a thin sheet of 
translucent plastic. Determine the surface area of the outside of 
the shade, knowing that it has the parabolic cross section shown. 


SOLUTION 


First note that the required surface area A can be generated by rotating the parabolic cross section through n 
radians about the y-axis. Applying the first theorem of Pappus-Guldinus, we have 


Now at 


and 


where 

Then 
We have 


A — jfxL 

x=100mm, y = 250mm 
250 = k (100) 2 or k = 0.025 mirT 1 


x PI = x 


dL —.11 + 


A | * 

dx , 


dx 


dL — dx 


xL = x EL dL = 


J x [^j\ + Ak 2 x 2 dx 



xL = 


I_L(1 + 4 £ 2 x 2 ) 3/2 

L3 Ak 2 Jo 

- — r |[l + 4(0.025) 2 (100) 2 ] 3/2 

12 (0.025) 2 L 


= 17,543.3 mn\ 



Finally, 


A = ^(17,543.3 mm 2 ) 


or A = 55.1xl0 3 mm 2 M 
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PROBLEM 5.66 

For the beam and loading shown, determine (a) the 
magnitude and location of the resultant of the distributed 
load, ( b ) the reactions at the beam supports. 


SOLUTION 



(a) /?, =1(1 100 N/m) (6 m) = 2200 N 

R u = (900 N/m) (6 m) = 5400 N 
R = R l +R n = 2200 + 5400 = 7600 N 

XR = XxR : X (7600) = (2200)(1 .5) + (5400)(3) 

X =2.5658 m 

( b ) +)XM a = 0: B(6 m) - (7600 N)(2.5658 m) = 0 

B = 3250.0 N 

+| £ F y = 0: A + 3250.0 N -7600 N = 0 

A = 4350.0 N 


R = 7.60 kN | , X = 2.57 m 


B = 3.25 kN ◄ 


A = 4.35 kN * ◄ 
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150 Ib/ft 

A 

J 





nnnDI r m r r"7 





— 

PRUdLcM 5.o7 

120 lb/ft 

For the beam and loading shown, determine (a) the magnitude 
ic and location of the resultant of the distributed load, (I?) the 

reactions at the beam supports. 

h 9 ft 
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SOLUTION 

First replace the given loading by the loadings shown below. Both loading are equivalent since they are both 
defined by a linear relation between load and distance and have the same values at the end points. 



/?, = 2(900 N/m) (1.5 m) = 675 N 

R 2 = 1(400 N/m) (1.5 m) = 300 N 

+)ZM A =0: - (675 N)(l .4 m) + (300 N)(0.9 m) + 5(2.5 m) = C 
£ = 270 N 

+| HF y = 0: A - 675 N + 300 N + 270 N = 0 
A = 105.0 N 


B = 270 N ◄ 
A = 105.0 N ◄ 
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R u = 600 lb 


+)IM a = 0: -(3000 lb)( 1 .5 ft) - (600 lb)(9 ft + 2ft) + 5(15 ft) = 0 

B = 740 lb B = 740 lb j ^ 

+| ~LF y = 0: A + 740 lb - 3000 lb - 600 lb = 0 

A = 2860 lb A = 2860 lb f ◄ 
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PROBLEM 5.71 

Determine the reactions at the beam supports for the given 
loading. 


SOLUTION 

/?, = -(4 kN/m)(6 m) 
= 12 kN 

R u = (2 kN/m)(10m) 

= 20 kN 

+| HF y = 0: A - 12 kN - 20 kN = 0 
+)IM a =0: M a - (12 kN)(2 m) - (20 kN)(5 m) = 0 



A = 32.0 kN + ◄ 
M a = 124.0 kN • m j ◄ 
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w 0 


300 lb/ft 





B -A, 

5 ft J- 

ZJffl 

— 7 ft J 


PROBLEM 5.75 

Determine (a) the distributed load w 0 at the end A of the beam 
ABC for which the reaction at C is zero, ( b ) the corresponding 
reaction at B. 
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1800 N/m 
A 




L 

■ 4 m J 


600 N/m 

B 


PROBLEM 5.76 

Determine (a) the distance a so that the vertical reactions at 
supports A and B are equal, (b) the corresponding reactions at 
the supports. 


SOLUTION 

(a) 



We have 


Then 

or 

Now 

Also, 


Rr=-(a m)(1800 N/m) = 900a N 
2 

R n = i[(4 - a) m](600 N/m) - 300(4 - a) N 

+| EF V = 0: Ay- 900 a - 300(4 - a) + B y = 0 
A y +B y = 1200 + 600fl 


A =B V => A = B = 600 + 300n (N) 

y y y y v ' 


+>M b =0: -(4 m)A y 


+ 

I*-- 

m 


3 3; 



— (4 — a) m 
3 


[(900a) N] 
[300(4 - a) N] = 0 


or A v = 400 + 700 a - 50 a 2 

Equating Eqs. (1) and (2), 600 + 300a = 400 + 700a -50a 2 

or a 2 -8a + 4 = 0 


Then 

or 

Now 


8±V(-8) 2 -4(l)(4) 

a = 1 

2 

a = 0.53590 m 
a < 4 m => 


( 1 ) 


(2) 


a = 7.4641 m 
a - 0.536 m A 
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PROBLEM 5.76 (Continued) 


( b ) We have 


-±- 2 ^= 0 : 4=0 


From Eq. (1): 


= 600 + 300(0.53590) 
= 761 N 


A = B = 761 N ◄ 
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PROBLEM 5.77 

600 N/m 

B Determine (a) the distance a so that the reaction at support B is 

minimum, ( b ) the corresponding reactions at the supports. 
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1200 N/m 


F 


PROBLEM 5.78 

A beam is subjected to a linearly distributed downward 
load and rests on two wide supports BC and DE, which 
exert uniformly distributed upward loads as shown. 
Determine the values of w B c and wqe corresponding to 
equilibrium when w A - 600 N/m. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


643 






1200 N/m 


PROBLEM 5.79 

A beam is subjected to a linearly distributed downward load 
and rests on two wide supports BC and DE, which exert 
uniformly distributed upward loads as shown. Determine ( a ) 
the value of wa so that wbc = wde, (b) the corresponding 
values of w BC and wde- 
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PROBLEM 5.80 

The cross section of a concrete dam is as shown. For a 1-m-wide 
dam section, determine ( a ) the resultant of the reaction forces 
exerted by the ground on the base AB of the dam, ( b ) the point of 
application of the resultant of part a, (c) the resultant of the 
pressure forces exerted by the water on the face BC of the dam. 


SOLUTION 

( a ) Consider free body made of dam and section BDE of water. (Thickness = 1 m) 



p = ( 3 m)(10 kg/m 3 )(9.81 m/s 2 ) 

Wi = (1.5 m)(4 m)(l m)(2.4x 10 3 kg/m 3 )(9. 81 m/s 2 ) = 144.26 kN 
W 2 = -^(2 m)(3 m)(l m)(2.4xl0 3 kg/m 3 )(9. 81 m/s 2 ) = 47.09 kN 

VT 3 = |(2 m)(3 m)(l m)(10 3 kg/m 3 )(9.81 m/s 2 ) = 39.24 kN 

p = 1-Ap = i(3 m)(l m)(3 m)(10 3 kg/m 3 )(9.81 m/s 2 ) = 44.145 kN 

_±»EF t = 0: H - 44. 145 kN = 0 

H =44.145 kN H = 44.1kN^ ◄ 

+|EF V =0: V- 141.26 -47.09 -39.24 = 0 

V = 227.6 kN Y = 228 kN | ◄ 
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PROBLEM 5.81 

The cross section of a concrete dam is as shown. For a 1-m-wide 
dam section, determine ( a ) the resultant of the reaction forces 
exerted by the ground on the base AB of the dam, ( b ) the point of 
application of the resultant of part a, (c) the resultant of the 
pressure forces exerted by the water on the face BC of the dam. 


SOLUTION 

(a) Consider free body made of dam and triangular section of water shown. (Thickness = 1 m.) 



p = (7.2 m)(10 3 kg/m 3 )(9. 8 1 m/s 2 ) 

W 1 = |(4.8 m)(7.2 m)(l m)(2.4xl0 3 kg/m 3 )(9.81 m/s 2 ) 

= 542.5 kN 

W 2 = 2 . (2.4 m)(7.2 m)(l m)(2.4xl0 3 kg/m 3 )(9. 81 m/s 2 ) 

= 203.4 kN 

W 3 = ^(2.4 m)(7.2 m)(l m)(10 3 kg/m 3 )(9.81 m/s 2 ) 

= 84.8 kN 

P = ^Ap = ^(7.2 m)(l m)(7.2 m)(10 3 kg/m 3 )(9.81 m/s 2 ) 

= 254.3 kN 

_±»ZF t = 0: H - 254.3 kN = 0 H = 254kN— ◄ 

+t ZF V = 0: V- 542.5 -203.4 -84.8 = 0 

V = 830.7 kN V = 831kN| ◄ 
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PROBLEM 5.82 

An automatic valve consists of a 9 x 9-in. square plate that is pivoted about a 
horizontal axis through A located at a distance h — 3.6 in. above the lower edge. 
Determine the depth of water d for which the valve will open. 
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PROBLEM 5.83 

An automatic valve consists of a 9 x 9-in. square plate that is pivoted about 
a horizontal axis through A. If the valve is to open when the depth of water 
is d = 18 in., determine the distance h from the bottom of the valve to the 
pivot A. 


SOLUTION 

Since valve is 9 in. wide, w-9p- 9yh, where all dimensions are in inches. 

H ; i = 9 y(d - 9) 
w 2 = 9 yd 

For d = 18 in., 

w 1 = 97(18-9) = 81 y 
w, =9x(18) = 162/ 

Pi=i(9)(97)(18-9) = i(7297) 
P a =^(9)(9y)(lS) = 729y 



V alve opens when 5 = 0. 

+)1M a = 0: Pj (6 - /;) - P u (h - 3) = 0 

^7297(6 - h) - 129(li - 3) = 0 

3-—h -h+3-0 
2 

6 -1.5/i = 0 h = 4.00 in. ◄ 
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PROBLEM 5.84 

The 3 x 4-m side AB of a tank is hinged at its bottom A and is held in place by a 
thin rod BC. The maximum tensile force the rod can withstand without breaking 
is 200 kN, and the design specifications require the force in the rod not to exceed 
20 percent of this value. If the tank is slowly filled with water, determine the 
maximum allowable depth of water d in the tank. 
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PROBLEM 5.85 

The 3 x 4-m side of an open tank is hinged at its bottom A and is held in 
3 in place by a thin rod BC. The tank is to be filled with glycerine, whose density 
is 1263 kg/m 3 . Determine the force T in the rod and the reactions at the hinge 
after the tank is filled to a depth of 2.9 m. 


SOLUTION 

Consider the free-body diagram of the side. 
We have 


Then 


or 


or 


P = \ A P = ^Mpgd) 

= ^[(2.9 m)(4 m)] [(1263 kg/m 3 )(9.81 m/s 2 )(2.9 m)] 


= 208.40 kN 
+t ZF y =0: A y = 0 

+)IM A = 0: (3 m)T - 


2.9 


-m 


(208.4 kN) = 0 


T = 67.151 kN 

-±~2iF r = 0: A x + 208.40 kN - 67.151 kN = 0 

A,. = -141.249 kN 


T 



T = 67.2 kN •* — A 
A = 141.2 kN -* — ◄ 
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PROBLEM 5.86 

The friction force between a 6 x 6-ft square sluice gate A B and its guides is equal 
to 10 percent of the resultant of the pressure forces exerted by the water on the face 
of the gate. Determine the initial force needed to lift the gate if it weighs 1000 lb. 


Y 

6 ft 

_L 


15 ft 


A L! 

B 


SOLUTION 

Consider the free-body diagram of the gate. 

Now P l =^A Pl =^[( 6x6) ft 2 ] [(62.4 lb/ft 3 )(9 ft)] 

= 10, 108.8 lb 

P a =\ A Pn =^-[(6x6)ft 2 ][(62.41b/ft 3 )(15ft)] 
= 16,848 lb 

Then F = 0. IP = 0. l(Pj + P xl ) 

= 0.1(10, 108.8 + 16, 848) lb 
= 2695.7 lb 

Finally +j ZF y = 0 : T - 2695 .7 lb - 1 000 lb = 0 



or T = 3.70 kips A 
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0.6 m 


Water . 


Methyl 

Alcohol 


0.4 m 0.2 m 


PROBLEM 5.87 

A tank is divided into two sections by a 1 x 1-m square gate that is 
hinged at A. A couple of magnitude 490 N • m is required for the 
gate to rotate. If one side of the tank is filled with water at the rate 
of 0.1 mVmin and the other side is filled simultaneously with 
methyl alcohol (density p ma = 789 kg/m 3 ) at the rate of 0.2 m 3 /min, 
determine at what time and in which direction the gate will rotate. 


SOLUTION 


Consider the free-body diagram of the gate. 
First note V = A basc c/ and V = rt. 

Then 


Now 

p w=y [(0.25f) m x (1 m)] [(10 3 kg/m 3 )(9.8 1 m/s 2 )(0.25 1) m] 
= 306.56r N 

p ma = ^[(0 mx(lm)][(789kg/m 3 )(9.81m/s 2 )(f) m] 

= 3870r N 


d w - 


d-MA ~ 


0.1m 3 / min x r(min) 
(0.4 m)(l m) 

0.2 m 3 /minxt(min) 
(0.2 m)(l m) 


= 0.25r(m) 


■t( m) 


P = — Ap = — A(pgh) so that 



Now assume that the gate will rotate clockwise and when d MA < 0.6 m. When rotation of the gate is 
impending, we require 


Substituting 




490 N • m = 


f 1 

0-6 m ~^d MA | P MA 


( 1 . 

0.6 m-—d w | Pffl 

v 3 


f 1 A fr 

mx(3870t 2 ) N - ~ " 


0.6 — t 

V 3 J 


0.6-A X 0.25 1 | mx(306.56t 2 ) N 
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PROBLEM 5.87 (Continued) 


Simplifying 1264.45 r 3 - 2138. It 2 +490 = 0 

Solving (positive roots only) 

t- 0.59451 min and t- 1.52411 min 
Now check assumption using the smaller root. We have 

d ma = (?) m = 0.5945 1 m < 0.6 m 


t — 0.59451 min = 35.7 s A 
and the gate rotates clockwise. M 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


655 




PROBLEM 5.88 

75 m A prismatically shaped gate placed at the end of a freshwater channel is 
supported by a pin and bracket at A and rests on a frictionless support at B. 
The pin is located at a distance h =0.10 m below the center of gravity C 
of the gate. Determine the depth of water d for which the gate will open. 


0.40 m 


> 


d 


c • 

0. 

_L 




h 


B/ 


ZSL 


SOLUTION 


First note that when the gate is about to open (clockwise rotation is impending), B v — - 0 and the line of 
action of the resultant P of the pressure forces passes through the pin at A. In addition, if it is assumed that the 
gate is homogeneous, then its center of gravity C coincides with the centroid of the triangular area. Then 


and 


Now 


a = (0.25 - h) 

3 


„ = 1,0.4)- At ^ 

3 15 


v 


a _ 8 
~b~ 15 


| -(0.25 -ft) 8 
i<0.4)-A(i)"l5 


Simplifying yields 


289 

45 


d + 15/? = 


70.6 

12 




( 1 ) 


Alternative solution: 


Consider a free body consisting of a 1-m thick section of the gate and the triangular section BDE of water 
above the gate. 


Now 


P' = ~Ap' = ^(dxlm)(pgd) 

1 


-pgd 2 (N) 


W' = pgV = pg 


— x — dx.dx.lm 
2 15 


■^PSd 2 (N) 
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PROBLEM 5.89 

A prismatically shaped gate placed at the end of a freshwater channel 
is supported by a pin and bracket at A and rests on a frictionless support 
at B. Determine the distance h if the gate is to open when d = 0.75 m. 


SOLUTION 


First note that when the gate is about to open (clockwise rotation is impending), B v — *- 0 and the line of 
action of the resultant P of the pressure forces passes through the pin at A. In addition, if it is assumed that the 
gate is homogeneous, then its center of gravity C coincides with the centroid of the triangular area. Then 


and 


a = (0.25 - h) 

3 


. 2 8 (d 

b = —(0.4) 

3 15 1 3 


Now 


a _ 8 
~b~ 15 


j - (0.25 - h) _ 8 

1(0-4) -Mi)~ 75 


Simplifying yields 


289 

45 


d + I5h = 


70.6 

12 




( 1 ) 


Alternative solution: 


Consider a free body consisting of a 1-m thick section of the gate and the triangular section BDE of water 
above the gate. 


Now 


P' = ^ Ap ' = ^(dxlm)(pgd) 


-\pgd 2 (N) 


W' - pgV = pg 


1 8 , . , 

— x — dxdx lm 

2 15 


Y^PSd 2 (N) 
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PROBLEM 5.90 


d "I v 


A 


1.8 ft 

_L 


30° '• 


A B, 




The square gate AB is held in the position shown by hinges along its top edge A 
and by a shear pin at B. For a depth of water d =3.5 ft, determine the force 
exerted on the gate by the shear pin. 
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PROBLEM 5.92 

A 0.5 x 0.8-m gate AB is located at the bottom of a tank filled 
with water. The gate is hinged along its top edge A and rests on a 
frictionless stop at B. Determine the reactions at A and B when 
cable BCD is slack. 
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PROBLEM 5.93 

A 0.5 x 0.8-m gate AB is located at the bottom of a tank filled with 
water. The gate is hinged along its top edge A and rests on a frictionless 
stop at B. Determine the minimum tension required in cable BCD to 
open the gate. 


-0.64 m 
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4 ft 


3 ft 


D 


2 ft 


PROBLEM 5.94 

A 4x2-ft gate is hinged at A and is held in position by rod CD. 
End D rests against a spring whose constant is 828 lb/ft. The spring 
is undeformed when the gate is vertical. Assuming that the force 
exerted by rod CD on the gate remains horizontal, determine the 
minimum depth of water d for which the bottom B of the gate will 
move to the end of the cylindrical portion of the floor. 
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D 


r : • 

A 


wmmrn I A 

— — 

i 

i 

i 

1 



PROBLEM 5.95 

Solve Problem 5.94 if the gate weighs 1000 lb. 

PROBLEM 5.94 A 4x2-ft gate is hinged at A and is held in 
position by rod CD. End D rests against a spring whose constant is 
828 lb/ft. The spring is undeformed when the gate is vertical. 
Assuming that the force exerted by rod CD on the gate remains 
horizontal, determine the minimum depth of water d for which the 
bottom B of the gate will move to the end of the cylindrical portion 
of the floor. 


SOLUTION 


First determine the forces exerted on the gate by the spring and the water when B is at the end of the 
cylindrical portion of the floor. 


We have 

Then 

and 

Assume 
We have 

Then 


sin<9 = — 0 = 30° 

4 

x SP = (3 ft) tan 30° 

F sp = kx SP = 828 lb/ft x 3 ft x tan30° 
= 1434.14 lb 

<7 > 4 ft 


p = ^Ap = ^A(yh) 

P l = ^[(4 ft)(2 ft)] x [(62.4 lb/ft 3 )(d - 4) ft] 

= 249.6(d -4) lb 

P IT = ^[(4 ft)(2 ft)] x [(62.4 lb/ft 3 ){d - 4 + 4cos 30°)] 



l\wA 

111 

•5\k w \ 


1 

1 

\T\ 

■o 




— lit— J 





(4 VOcosid 


= 249.6(d - 0.53590°) lb 
For d min so that the gate opens, W = 1000 lb 
Using the above free-body diagrams of the gate, we have 

+)IM a =0: f|ftj[249.6(d-4)lb] 


+ 


-ft | [249.6(d- 0.53590) lb] 


or 

or 


- (3 ft)(1434. 14 lb) - (1 ft)(1000 lb) = 0 
(332. 8d - 133 1 .2) + (665.6 d - 356.70) - 4302.4 - 1000 = 0 

d = 7.00 ft 


d> 4 ft => assumption correct 


d = 7.00 ft ◄ 
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PROBLEM 5.96 

A hemisphere and a cone are attached as shown. Determine the location of the 
centroid of the composite body when (a) h = 1 ,5a, ( b ) h = 2a. 


SOLUTION 


y 




V 

y 

yV 

Cone I 

1 2; 
—nan 

h 

— na 2 h 2 


3 

4 

12 


2 3 

3a 

1 4 

Hemisphere II 

—na 

3 

T 

— na 
4 


V = —7ra 2 (h + 2a) 

3 

X v V = — na 1 (h 2 - 3 a 2 ) 

12 


(a) For h- 1 .5a, 


1 , 7 o 

V = —na~(1.5a + 2a) = —na~ 


XyV = — ;ra 2 [(1.5a) 2 - 3a 2 ] = Ka A 

12 16 


FV=XyV: Y 


K 3 
—na 


J 


1 ^ 4 rr 3 

= nci Y = a 

16 56 


Centroid is 0.0536a below base of cone. M 
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PROBLEM 5.97 (Continued) 


(b) 


— — ? when X — L. 
L 


Substituting into Eq. (1), 


or 


or 


( t 1 h' 

\ 1 

f 

h 1 h 2 " 


= — L 

3 + 


l 6 Lj 

1 6 

V 

T + 4 


1 +---- + -- + — — 

6 L ~ 2 6 L 24 L 2 


l =2 ^ "* 
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PROBLEM 5.98 

Determine the y coordinate of the centroid of the body shown. 




SOLUTION 


First note that the values of Y will be the same for the given body and the body shown below. Then 



-O 



V 

y 

w 

Cone 

1 2, 

—Tran 

--h 

— KCCll 2 


3 

4 

12 

Cylinder 

faf 1 2 

—K —\b = Jta b 

--b 

1 2/2 
—na b 

UJ 4 

2 

8 

X 

— a 2 (4h-3b) 
12 


— —a 2 (2h 2 -3b 2 ) 
24 


We have 


FXV = 'LyV 


Y -a 2 {4h-3b) = a~(2h 2 - 3b 2 ) 

12 24 


- 2/r - 3b 2 ^ 

or Y = ^ 

2(4h-3b) 
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SOLUTION 

For half-cylindrical hole, 


For half-cylindrical plate, 





V, in 3 

y, in. 

z,in. 

yV, in 4 

zV, in 4 

I 

Rectangular plate 

(7)(4)(0.75) = 21.0 

-0.375 

3.5 

-7.875 

73.50 

n 

Rectangular plate 

(4)(2)(1) = 8.0 

1.0 

2 

8.000 

16.00 

m 

-(Half cylinder) 

-y(1.25) 2 (l) = 2.454 

1.470 

2 

-3.607 

-4.908 

IV 

Half cylinder 

^(2) 2 (0.75) = 4.712 

-0.375 

-7.85 

-1.767 

36.99 

V 

-(Cylinder) 

-;t(1.25) 2 (0.75) = -3.682 

-0.375 

7 

1.381 

-25.77 


Z 

27.58 



-3.868 

95.81 


YYV =ZyV 

7(27.58 in 3 ) = -3.868 in 4 


Y = -0.1403 in. ◄ 
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SOLUTION 

First assume that the machine element is homogeneous so that its center of gravity will coincide with the 
centroid of the corresponding volume. 




V, mm 3 

x, mm 

y, mm 

— T J 4 

x V , mm 

y V, mm 4 

1 

(100)(18)(90) = 162,000 

50 

9 

8,100,000 

1,458,000 

II 

(16)(60)(50) = 48, 000 

92 

48 

4,416,000 

2,304,000 

m 

tt(12) 2 (10) = 4523.9 

105 

54 

475,010 

244,290 

IV 

-;t(13) 2 (18) = -9556.7 

28 

9 

-267,590 

-86,010 

X 

204,967.2 



12,723,420 

3,920,280 


We have YYLV = Xv V 

Y( 204, 967.2 mm 3 ) = 3,920,280 mm 4 or 7 = 19.13 mm -4 
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SOLUTION 

First assume that the machine element is homogeneous so that its center of gravity will coincide with the 
centroid of the corresponding volume. 




V, mm 3 

x, mm 

y, mm 

xV, mm 4 

yV, mm 4 

1 

(100)(1 8)(90) = 162,000 

50 

9 

8,100,000 

1,458,000 

II 

(16)(60)(50) = 48, 000 

92 

48 

4,416,000 

2,304,000 

m 

12) 2 (10) = 4523.9 

105 

54 

475,010 

244,290 

IV 

— ^r(13) 2 (18) = -9556.7 

28 

9 

-267,590 

-86,010 

X 

204,967.2 



12,723,420 

3,920,280 


We have XXV - Ex V 

X(204, 967. 2 mm 3 ) = 12,723,420 mm 4 X =62. 1mm A 
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SOLUTION 

For half-cylindrical hole, 


For half-cylindrical plate, 





V, in 3 

y, in. 

z,in. 

yV, in 4 

zV, in 4 

I 

Rectangular plate 

(7)(4)(0.75) = 21.0 

-0.375 

3.5 

-7.875 

73.50 

II 

Rectangular plate 

(4)(2)(1) = 8.0 

1.0 

2 

8.000 

16.00 

HI 

-(Half cylinder) 

-^-(1.25) 2 (1) = 2.454 

1.470 

2 

-3.607 

-4.908 

IV 

Half cylinder 

y(2) 2 (0.75) = 4.712 

-0.375 

-7.85 

-1.767 

36.99 

V 

-(Cylinder) 

-;t(1.25) 2 (0.75) = -3.682 

-0.375 

7 

1.381 

-25.77 


Z 

27.58 



-3.868 

95.81 


Now 


ZZV = zV 

Z( 27.58 in 3 ) = 95.81 in 4 


Z= 3.47 in. ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


675 






SOLUTION 





V, mm 3 

x , mm 

z, mm 

x V, mm 4 

z V, mm 4 

1 

Rectangular plate 

(10)(90)(38) = 34.2 x 10 3 

19 

45 

649.8 x 10 3 

1539 x 10 3 

II 

Half cylinder 

y (20) 2 (10) = 6.2832xl0 3 

46.5 

20 

292.17 x 10 3 

125.664 x 10 3 

III 

-(Cylinder) 

-;r(l 2) 2 (1 0) = -4.5239 x 1 0 3 

38 

20 

-171.908 x 10 3 

-90.478 x 10 3 

IV 

Rectangular prism 

(30)(10)(24) = 7.2xl0 3 

5 

78 

36 x 10 3 

561.6 x 10 3 

V 

Triangular prism 

^(30)(9)(24) = 3.24xl0 3 

13 

78 

42.12 x 10 3 

252.72 x 10 3 


X 

46.399 x 10 3 



848.18 x 10 3 

2388.5 x 10 3 


XXV = XIV 

- _ XIV _ 848.18xl0 3 mm 4 
~ XV _ 46.399 xlO 3 mm 3 


X = 18.28 mm A 
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SOLUTION 





V, mm 3 

x, mm 

z, mm 

— T 7 4 

xv, mm 

z V, mm 4 

I 

Rectangular plate 

(10)(90)(38) = 34.2 x 10 3 

19 

45 

649.8 x 10 3 

1539 x 10 3 

II 

Half cylinder 

^(20) 2 (10) = 6.2832x10 3 

46.5 

20 

292.17 x 10 3 

125.664 x 10 3 

III 

-(Cylinder) 

— zr(12) 2 (10) = -4.5239 xlO 3 

38 

20 

-171.908 x 10 3 

-90.478 x 10 3 

IV 

Rectangular prism 

(30)(10)(24) = 7.2xl0 3 

5 

78 

36 x 10 3 

561.6 x 10 3 

V 

Triangular prism 

^(30)(9)(24) = 3.24xl0 3 

13 

78 

42.12 x 10 3 

252.72 x 10 3 


E 

46.399 x 10 3 



848.18 x 10 3 

2388.5 x 10 3 


ZEV = Ez V 

2 - Z ^ y - 2388 - 5xl ° 3mm4 
” EV _ 46.399 xlO 3 mm 3 


Z = 5 1 .5 mm A 
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SOLUTION 

By symmetry, Y = 80.0 mm A 




A, mm 2 

x, mm 

z, mm 

xA, mm ! 

zA, mm 3 

I 

— (80) 2 =10,053 
2 

0 

33.953 

0 

341.33X10 3 

II 

;r(60)(160) = 30,159 

60 

-38.197 

1809.54X10 3 

-1151.98X10 3 

X 

40,212 



1 809.54 xlO 3 

-810.65X10 3 


XXA = XxA: X (40, 212) = 1809.54xl0 3 
ZXA = YYA- Z (40, 212) = -810.65xl0 3 


X = 45.0 mm ◄ 
Z = -20.2 mm A 
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SOLUTION 

First assume that the sheet metal is homogeneous so that the center of gravity of the form will coincide with 
the centroid of the corresponding area. 



= 0.31878 m 



A, m 2 

x, m 

y, m 

z, m 

xA, m 3 

)’A, nr 

zA, m 3 

I 

-i-(0.2)(0. 12) = 0.012 

0 

0.22 

0.2 

3 

0 

0.00264 

0.0008 

II 

—(0.18X0.2) = 0.018* 

0.36 

0.36 

0.1 

0.00648 

0.00648 

0.005655 


2 

n 

n 





III 

(0.16X0.2) = 0.032 

0.26 

0 

0.1 

0.00832 

0 

0.0032 

IV 

-^(0.05) 2 = -0.00125* 

0.31878 

0 

0.1 

-0.001258 

0 

-0.000393 

X 

0.096622 




0.013542 

0.00912 

0.009262 
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PROBLEM 5.107 (Continued) 


We have XI,V=I,xV: X(0.096622 m 2 ) =0.013542 m 3 or X =0.1402 m ◄ 

FXV=XyV: 7(0.096622 m 2 ) = 0.00912 m 3 or F = 0.0944 m ◄ 

ZXV=XzV: Z (0.096622 m 2 ) = 0.009262 m 3 or Z = 0.0959 m< 
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34 in. 



= 25 in. 


PROBLEM 5.108 

A window awning is fabricated from sheet metal of uniform 
thickness. Locate the center of gravity of the awning. 


4 in. 


SOLUTION 


First, assume that the sheet metal is homogeneous so that the center of gravity of the awning coincides with 
the centroid of the corresponding area. 



(4)(25) 


— i/i , 


~TV 


Av 


_ (2)(25) _ 50 , n 
n n 

= A VI = ^(25 f = 490.87 in 2 
= -^-(25)(34) = 1335.18 in 2 



A, in 2 

y , in. 

z,in. 

yA, in 3 

zA, in 3 

I 

(4)(25) = 100 

2 

12.5 

200 

1250 

n 

490.87 

14.6103 

100 

3k 

7171.8 

5208.3 

hi 

(4)(34) = 136 

2 

25 

272 

3400 

rv 

1335.18 

19.9155 

50 

n 

26,591 

21,250 

V 

(4)(25) = 100 

2 

12.5 

200 

1250 

VI 

490.87 

14.6103 

100 

3n 

7171.8 

5208.3 

z 

2652.9 



41,607 

37,567 
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PROBLEM 5.108 (Continued) 


Now, symmetry implies 
and 


YI,A = XyA: Y (2652.9 in 2 ) = 41,607 in 3 
ZZA = Z7A: Z( 2652.9 in 2 ) = 37,567 in 3 


X =17.00 in. ◄ 
or Y — 15.68 in. A 
or Z - 14.16 in. A 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


682 





SOLUTION 

First assume that the plastic is homogeneous so that the center of gravity of the organizer will coincide with 
the centroid of the corresponding area. Now note that symmetry implies 

Z = 30.0 mm A 



n 


2x6 

x 4 =36 + - = 39.820 mm 

TC 

2x6 

v 8 = 58 — — = 54.180 mm 

n 

x 10 =133 + -4-^ = 136.820 mm 

TC 

y 2 = 54 = Js = v 10 = 6- 2 ^ > - = 2.1803 mm 

n 

v 6 =75+ ^ X ^ = 78.183 mm 
n 

TC i 

A 2 = A 4 = A$= A 10 = — x 6x 60 = 565.49 mm' 
\ = ^x5x60 = 942.48 mm 2 
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PROBLEM 5.109 (Continued) 



A, mm 2 

x , mm 

y, mm 

xA, mm ! 

yA, mm 3 

1 

(74)(60) = 4440 

0 

43 

0 

190,920 

2 

565.49 

2.1803 

2.1803 

1233 

1233 

3 

(30)(60) = 1800 

21 

0 

37,800 

0 

4 

565.49 

39.820 

2.1803 

22,518 

1233 

5 

(69)(60) = 4140 

42 

40.5 

173,880 

167,670 

6 

942.48 

47 

78.183 

44,297 

73,686 

7 

(69)(60) = 4140 

52 

40.5 

215,280 

167,670 

8 

565.49 

54.180 

2.1803 

30,638 

1233 

9 

(75)(60) = 4500 

95.5 

0 

429,750 

0 

10 

565.49 

136.820 

2.1803 

77,370 

1233 

Z 

22,224.44 



1,032,766 

604,878 


We have XXA-XxA: X (22, 224.44 mm ° ) = 1,032,766 mm 3 or X — 46.5 mm A 

YXA = XyA: 7(22, 224.44 mm 2 ) = 604, 878 mm 3 or Y = 27.2 mm ◄ 
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SOLUTION 

First, assume that the sheet metal is homogeneous so that the center of gravity of the bracket coincides with 
the centroid of the corresponding area. Then (see diagram) 




A, in 2 

x, in. 

y, in. 

z,in. 

xA, in 3 

yA, in 3 

zA, in 3 

I 

(2.5)(6) = 15 

1.25 

0 

3 

18.75 

0 

45 

II 

(1.25)(6) = 7.5 

2.5 

-0.625 

3 

18.75 

-4.6875 

22.5 

III 

(0.75)(6) = 4.5 

2.875 

-1.25 

3 

12.9375 

-5.625 

13.5 

IV 

-( f )® =- 3 - 75 

1.0 

0 

3.75 

3.75 

0 

-14.0625 

V 

-0.61359 

1.0 

0 

1.9847- 

0.61359 

0 

-1.21782 

z 

22.6364 




46.0739 

10.3125 

65.7197 


We have X1A- Z.rA 

1(22.6364 in 2 ) = 46.0739 in 3 or X =2.04 in. ◄ 

YIA = Z yA 

F(22.6364in 2 ) = -10.3125 in 3 or F = -0.456 in. ◄ 

ZZA = ZZ4 

Z(22.6364 in 2 ) = 65.7197 in 3 or Z = 2.90in. ◄ 
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PROBLEM 5.112 

An 8-in. -diameter cylindrical duct and a 4 x 8-in. rectangular 
duct are to be joined as indicated. Knowing that the ducts were 
fabricated from the same sheet metal, which is of uniform 
thickness, locate the center of gravity of the assembly. 


SOLUTION 

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of the area. 
By symmetry, z = 0. 




A, in 2 

x, in. 

y , in. 

xA, in 3 

vA, in 3 

1 

;r(8)(12) = 96/r 

0 

6 

0 

516n 

2 

-y(8)(4) = -16;r 

2(4) _ 8 
n k 

10 

-128 

-\66k 

3 

— (4) 2 = 
2 

4(4) _ 16 

3n 3n 

12 

-42.667 

96 n 

4 

(8)(12) = 96 

6 

12 

576 

1152 

5 

(8)(12) = 96 

6 

8 

576 

768 

6 

— — (4) 2 = -8;r 
2 

4(4) _ 16 
3 n 3n 

8 

-42.667 

-64;r 

7 

(4)(12) = 48 

6 

10 

288 

480 

8 

(4)(12) = 48 

6 

10 

288 

480 

E 

539.33 



1514.6 

4287.4 


Then 


- ExA 1514.67 . 

X = = in. 

EA 539.33 

- EyA 4287.4 . 

Y = — - — = in. 

EA 539.33 


or X = 2.81 in. ◄ 
or Y = 7.95 in. 4 
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SOLUTION 

First, assume that the sheet metal is homogeneous so that the center of gravity of the duct coincides with the 
centroid of the corresponding area. Also, note that the shape of the duct implies 

Y= 38.0 mm ◄ 


2 

Note that x l = Zj = 400 (400) = 145.352 mm 

n 



z v = 300 -—(200) = 215. 12 mm 
3 K 


Also note that the corresponding top and bottom areas will contribute equally when determining x and z. 



A, mm 2 

x, mm 

z, mm 

xA, mm 3 

zA, mm 3 

I 

^-(400)(76) = 47,752 

145.352 

145.352 

6,940,850 

6,940,850 

II 

^-(200)(76) = 23,876 

272.68 

172.676 

6,510,510 

4,122,810 

III 

100(76) = 7600 

200 

350 

1,520,000 

2,660,000 

IV 

2 

j) 

(400) 2 =251,327 

230.23 

230.23 

57,863,020 

57,863,020 

V 

-2 

(1 

(200) 2 =-62,832 

315.12 

215.12 

-19,799,620 

-13,516,420 

VI 

-2(100)(200) = -40,000 

300 

350 

-12,000,000 

-14,000,000 

z 

227,723 



41,034,760 

44,070,260 
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PROBLEM 5.113 (Continued) 


We have 

XXA = YxA\ 

X (227, 723 mm 2 ) = 4 1, 034, 760 mm 3 

or X = 1 80.2 mm A 


ZXA = lLzA: 

Z(227, 723 mm 2 ) = 44, 070, 260 mm 3 

or Z - 193.5 mm 4 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


689 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


690 






0.6 m x 


PROBLEM 5.115 

Locate the center of gravity of the figure shown, knowing that it is 
made of thin brass rods of uniform diameter. 


SOLUTION 

Uniform rod : 

A 1 



AB 2 = (1 m) 2 + (0.6 m) 2 + (1.5 m) 2 
AB = 1.9 m 



L, m 

x, m 

y, hi 

z, m 

xL, m’ 

yL, m 2 

'LL, m 

AB 

1.9 

0.5 

0.75 

0.3 

0.95 

1.425 

0.57 

BD 

0.6 

1.0 

0 

0.3 

0.60 

0 

0.18 

DO 

1.0 

0.5 

0 

0 

0.50 

0 

0 

OA 

1.5 

0 

0.75 

0 

0 

1.125 

0 

L 

5.0 




2.05 

2.550 

0.75 


XLL = LxL: X(5.0 m) = 2.05 m 2 
YLL = LyL: Y( 5.0 m) = 2.55 m 2 

ZLL = Lz,L'. Z(5.0 m) = 0.75 m 2 


X= 0.410 m ◄ 
Y = 0.510 m ◄ 
Z= 0.1500 m ◄ 
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PROBLEM 5.118 

Three brass plates are brazed to a steel pipe to form the flagpole 
base shown. Knowing that the pipe has a wall thickness of 8 mm 
and that each plate is 6 mm thick, determine the location of the 
center of gravity of the base. (Densities: brass = 8470 kg/m 3 ; 
steel = 7860 kg/m 3 .) 


SOLUTION 



Since brass plates are equally spaced, we note that 
the center of gravity lies on the y-axis. 

Thus, x - z = 0 4 


Steel pipe: V = —1(0.064 m) 2 -(0.048 m) 2 1(0. 192 m) 

4 

= 270.22 xl0~ 6 m 3 

m = pV = (7860kg/m 3 )(270.22xl0“ 6 m 3 ) 
= 2.1239 kg 


Each brass plate : 


V = ^(0.096 m)(0. 192 m)(0.006 m) = 55.296x 10‘ 6 m 3 
m = pV = (8470 kg/m 3 )(55.296xl0“ 6 m 3 ) = 0.46836 kg 


Flagpole base : 

Em = 2.1239 kg + 3(0.46836 kg) = 3.5290 kg 
Ey m = (0.096 m)(2. 1239 kg) + 3[(0.064 m)(0.46836 kg)] = 0.29382 kg • m 
FEm = Eym : F( 3.5290 kg) = 0.29382 kg • m 


Y = 0.083259 m Y = 83.3 mm above the base A 
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PROBLEM 5.119 

A brass collar, of length 2.5 in., is mounted on an aluminum rod 
of length 4 in. Locate the center of gravity of the composite body. 
(Specific weights: brass = 0.306 lb/in 3 , aluminum = 0.101 lb/in 3 ) 
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1.125 in 
0.5 in. 


-0.75 in.- 
-1.80 in- 


1 .00 in. 


0.40 in. 


PROBLEM 5.120 

A bronze bushing is mounted inside a steel sleeve. Knowing that the 
specific weight of bronze is 0.318 lb/in 3 and of steel is 0.284 lb/in 3 , 
determine the location of the center of gravity of the assembly. 


SOLUTION 

First, note that symmetry implies 


X =z=o ◄ 


Now 


We have 


or 



W=(pg)V 

y l = 0.20 in. W 1 = (0.284 lb/in 3 ) 
y n = 0.90 in. W u = (0.284 lb/in 3 ) 
y m = 0.70 in. W m = (0.3 18 lb/in 3 ) 
YJLW = JLy W 


(-) 

v4 y 

V 


[(1 ,8 2 - 0.75 2 ) in 2 ](0.4 in.) } = 0.23889 lb 


n 


j |[(1.125 2 - 0.75 2 ) in 2 ](1 in.) \ = 0.156834 lb 


n 


j |[(0.75 z — 0.5 2 ) in 2 ](1 .4 in.) \ = 0.109269 lb 


- _ (0.20 in.)(0 .23889 lb) + (0.90 in.)(0. 156834 lb) + (0.70 in.)(0. 109269 lb) 


0.23889 lb + 0. 156834 lb + 0. 109269 lb 


Y = 0.526 in. ◄ 
(above base) 
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PROBLEM 5.121 

3 

A scratch awl has a plastic handle and a steel blade and shank. Knowing that the density of plastic is 1030 kg/m 
and of steel is 7860 kg/m 3 , locate the center of gravity of the awl. 


t 


25 mm 



-* — 50 mm ► 

k 90 mm *- 



1 



t 



3.5 mm 




10 mm 


SOLUTION 


First, note that symmetry implies 

1 




n_ 

331 

33Z 


(PLASTIC.) 


X 


x i 

= —(12.5 mm) = 
8 

7.8125 mm 


w 1 

= (1030 kg/m 3 ) 

'2k 

1(0.0125 m) 3 



. 3 

) 



= 4.2133xl0“ 3 kg 



x u 

= 52.5 mm 




W n 

= (1030 kg/m 3 ) 

f) 

(0.025 m) 2 (0.08 m) 



= 40.448 xl0“ 3 kg 



x m 

= 92.5 mm - 25 

mm 

= 67.5 mm 


w m 

= -(1030 kg/m 3 ; 

(f 

J (0.0035 m) 2 (0.05 m) 



= -0.49549x10 

3 kg 



X TV 

= 182.5 mm -70 mm = 1 12.5 mm 


W 1V 

= (7860 kg/m 3 ) 

j) 

(0.0035 m) 2 (0.14 m) 2 = 

= 10.5871 xlO^ 3 kg 

Xy 

= 182.5 mm + — 
4 

(10 mm) = 185 mm 


Wy 

= (7860 kg/m 3 ) 


(0.00175 m) 2 (0.01 m) = 

= 0.25207 xlO^ 3 kg 


Y = Z = 0 ◄ 
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PROBLEM 5.121 (Continued) 



W, kg 

x, mm 

xW, kg • mm 

I 

4.123xl(T 3 

7.8125 

32.916xl0~ 3 

II 

40.948 xl(T 3 

52.5 

2123.5xl0~ 3 

III 

-0.49549 xl0“ 3 

67.5 

-33.447 xl0~ 3 

IV 

10.5871xl0^ 3 

112.5 

1191.05xl0~ 3 

V 

0.25207 xlO -3 

185 

46.633 xl0“ 3 

z 

55.005 x!0~ 3 


3360.7 xlO" 3 


We have X ZW = ZxW: X (55.005 x 10“ 3 kg) = 3360.7 xl(T 3 kg mm 

or X = 61.1 mm A 

(from the end of the handle) 
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PROBLEM 5.122 

Determine by direct integration the values of x for the two volumes obtained by passing a vertical cutting 
plane through the given shape of Figure 5.21. The cutting plane is parallel to the base of the given shape and 
divides the shape into two volumes of equal height. 

A hemisphere 
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PROBLEM 5.122 (Continued) 
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PROBLEM 5.123 

Determine by direct integration the values of x for the two volumes obtained by passing a vertical cutting 
plane through the given shape of Figure 5.21. The cutting plane is parallel to the base of the given shape and 
divides the shape into two volumes of equal height. 

A semiellipsoid of revolution 
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PROBLEM 5.124 


Determine by direct integration the values of x for the two volumes obtained by passing a vertical cutting 
plane through the given shape of Figure 5.21. The cutting plane is parallel to the base of the given shape and 
divides the shape into two volumes of equal height. 

A paraboloid of revolution 
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PROBLEM 5.130* 

Show that for a regular pyramid of height h and n sides (n = 3, 4, . . . ) the centroid of the volume of the pyramid 
is located at a distance h! 4 above the base. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


713 






PROBLEM 5.131 

Determine by direct integration the location of the centroid of one-half of a 
thin, uniform hemispherical shell of radius R. 
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PROBLEM 5.132 


"" 1 

% fl 

The sides and the base of a punch bowl are of 
uniform thickness t. If t « R and R = 250 mm, 
determine the location of the center of gravity of 
(a) the bowl, (b) the punch. 

N/ 




SOLUTION 


(a) Bowl : 


First note that symmetry implies 


x = 0 4 
2=0 ^ 


for the coordinate axes shown below. Now assume that the bowl may be treated as a shell; the center of 
gravity of the bowl will coincide with the centroid of the shell. For the walls of the bowl, an element of 
area is obtained by rotating the arc ds about the y-axis. Then 


and 

Then 


and 


By observation, 
Now 


^Avan = Q-nR sin 0)(R dO) 

(y EL ) wan =-^cos<9 


P 7T/2 


2k R 1 sin# d6 


= 2kR 2 [-cos6 ] 

= W3tf 2 

wall Avail = J (. V £i) wall^ 

• 7rH 


71 12 

ttI6 


[ ( -R cos 6){2nR 2 sin Od 0) 

J tt!6 


= kR 3 [ cos 2 #] 

= --kR 3 
4 


jcl2 

'7T/6 


Aa S e=f^ 
yYA = XyA 


V3 


^base 


R 


or 


fW3 R 2 +-R 2 ) = --kR 3 +-R 2 

U«] 

t 4 J 4 4 

2 J 



or 


y = - 0.48763/? R = 250 mm 


y = —121.9 mm A 
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PROBLEM 5.132 (Continued) 


( b ) Punch : 

First note that symmetry implies 


x = 0 4 
7=0 4 


-K 




n0 


-V3/2/J 


= -n 


R- 


-A R 

2 


2 


and that because the punch is homogeneous, its center of gravity will coincide with the centroid of 
the corresponding volume. Choose as the element of volume a disk of radius x and thickness dy. Then 


dV = nx 2 dy , y EL = y 

M 



Now 

2,2 d 2 
x + y — R 

D 


L_h 

so that 

dV -n(R 2 - y 2 )dy 


/ 





Then 






= -tt^R 2 


and 


Now 


\y* dv= \ 


■J}/2R 


( .V ) 


7i(r 2 - y 2 ^jdy 


-n 


— R 2 y 2 -—v 4 
2 4 - \_ rmR 


= -K 


-R 2 

2 


V 2 y 


Ar' 

2 


64 


yV = jy £i JV: yf|W3i? 3 


64 


or 


y =- 


8^3 


/<! f? = 250mm y= -90.2 mm 4 
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PROBLEM 5.134* (Continued) 


and 


Let 

Then 


Now 
so that 
Then 


Also, 

Let 

Then 


Using 


\y^ dv= \ 


1 h 

— x — (, b-z ) 

2 2b 


b 


i ,b - z> 


dz 


~\ b (b-z) 2 yfb^7dz 

4 b 3 J -b 

bsinO dz - b cos 9d9 


r 1 ah r n 

y F ,dV = — [b{ 1 - sin 9)]~(b cos 9)x(b cos 9d9) 

J ' 4 b J -mi 

= — abh 2 f (cos 2 6 — 2 sin 9 cos 2 9 + sin 2 9 cos 2 9) dO 

4 J -ten 

— (l-cos2#) cos 2 9- — (l + cos2#) 

2 ' 2 


sin- 9 = 


1 


sin“ 9 cos“ 9 - — (1 - cos 2 29) 
4 


\y E L dv = j abh2 \ 


nil 

-Till 


cos 2 <?-2sin#cos 2 9 + — (1 — cos 2 29) 
4 


d9 


■ —abh 2 
4 


9 sin 29 | 1 3 . 1. 1 

— + H — cos J 9 -\ — 9 — 

2 4 J 3 4 4 


f 9 sin 49 

1 

v 2 8 


1 nil 


1-7T/2 


- — Kciblr 
32 


\ z ^ dV = \l z \ 2 l^ Z 


Td b ~ z) 


dz 


z = 


{ z EL dV = 


^r[ zib-zj'jb 2 - z 2 dz, 
b 2 

bsin9 dz-b cos 9 d9 
ah r 

— (b sin 9)[b{\- sin 9)](b cos 9)x(b cos 9d9) 

J -n/2 


sin 2 <9 cos 2 9 - — (1 - cos“ 29) from above, 


: ab 2 h 


1 


f (sin #cos 2 tf-sin 2 9 cos 2 9)d9 

J-tt/2 


{ z EL dV = 


ah’ h j" 


nil 

-nil 


sin 9 cos 2 9 (1 - cos 2 29) 

4 


= ab~h 


-—cos 3 9-—9 + — 
3 4 4 


( 9 sin 4 9 

1 

{2 8 


d9 

tt/2 

-ten 


= — nab 2 h 
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PROBLEM 5.134* (Continued) 


Now 


and 


yV = J"_v £t t/V: y[^7icibh j = -^7rabh 2 

z V = J J, EL dV : z f— jzabh 1 = — — Jtab 2 h 


or y = — h A 
16 


or z = — b A 
4 
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PROBLEM 5.135 

After grading a lot, a builder places four stakes to designate the 
corners of the slab for a house. To provide a firm, level base 
for the slab, the builder places a minimum of 3 in. of gravel 
beneath the slab. Determine the volume of gravel needed and 
the x coordinate of the centroid of the volume of the gravel. 
(Hint: The bottom surface of the gravel is an oblique plane, 
which can be represented by the equation y — a + bx + cz. ) 
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PROBLEM 5.135 (Continued) 


Then 


The volume is 


Then 

Therefore, 


o 

II 

50 (• 30 x 

f 

1 

1 ^ 

- 

1 + 


XH Z 

Jo 4 

V 

45 

50 J 


_ 1 f 50 

4 Jo 

l r 50 

= - (650 + 9 z)dz 

4 Jo 

1 


-V 1 3 Z 2 

1 X H X 

2 135 100 


30 


dz 


9 2 


650z + — z 
2 


50 


= 10937.5 ft" 


f dV= f 

50 p 30 1 j 1 

1 3 

— 1 H X + 

— z 

J J c 

Jo 4l 45 

50 J 


■ If 50 

’ 4 Jo 

1 r 3U f 3 1 

= - 40 + -z\dz 

4 J o l 5 


1 2, z 

X H x X 

90 50 


30 


dz 


4 Jo V 

i_ 

4 


3 o 
40zH z 2 

10 


50 


= 687.50 ft" 


jx EL dV _ 10937.5ft 4 


V 


687.5 


= 15.9091 ft 


V = 688 ft 3 ◄ 
x - 15.91 ft ◄ 
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PROBLEM 5.136 



Determine by direct integration the location of the centroid of 
the volume between the xz plane and the portion shown of the 
surface y = 16 h(ax - x 2 ){bz - z 2 )/a 2 b 2 . 
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r = 38 in. 


SOLUTION 


PROBLEM 5.137 

Locate the centroid of the plane area shown. 



© m 

SirJ. \ 


n 

£ 

ti 




A, in 2 

x, in. 

y , in. 

xA, in 3 

yA, in 3 

i 

— (38) 2 =2268.2 
2 

0 

16.1277 

0 

36,581 

2 

-20x16 = 320 

-10 

8 

3200 

-2560 

Z 

1948.23 



3200 

34,021 


-_E.rA_ 

3200 

ZA 

1948.23 


34,021 

ZA 

1948.23 


X =1.643 in. ◄ 
Y = 17.46 in. ◄ 
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PROBLEM 5.139 

The frame for a sign is fabricated from thin, flat steel bar stock of mass 
per unit length 4.73 kg/m. The frame is supported by a pin at C and by a 
cable AB. Determine (a) the tension in the cable, (b) the reaction at C. 


SOLUTION 


First note that because the frame is fabricated from uniform bar stock, its center of gravity will coincide with 
the centroid of the corresponding line. 



a 



L, m 

x, m 

xL, m 1 

1 

1.35 

0.675 

0.91125 

2 

0.6 

0.3 

0.18 

3 

0.75 

0 

0 

4 

0.75 

0.2 

0.15 

5 

^(0.75) = 1.17810 

1.07746 

1.26936 

I 

4.62810 


2.5106 


Then Xl.L-Y.xL 

X (4.62810) = 2.5106 

or X= 0.54247 m 

The free-body diagram of the frame is then 

where W = ( mlL)g 

= 4.73 kg/mx 4.628 10 mx9.81 m/s 
= 214.75 N 
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PROBLEM 5.139 (Continued) 


Equilibrium then requires 


(a) 


1M C = 0: (1.55 m) 


-T ba - (0.54247 m)(214.75N) = 0 


or 


T ba = 125.264 N or T BA = 125.3 N ◄ 


(b) 


ZF X = 0: C x --(125.264 N) = 0 


or 


or 

Then 


£F y = 0: C y +— (125. 264 N)- (214.75 N) = 0 


C x = 75.158 N — 


C v =114.539 N | 

C = 137.0 N ^56.7° ◄ 
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«=°ht£) 


PROBLEM 5.141 

Determine by direct integration the centroid of the area shown. 


SOLUTION 

We have 


_ 1 a . x x 

yEL ~2 y ~2[ ~L + zF 


dA = y dx = 1 — — + -y- | dx 





Ate 




0T ( 2 \ 23 

2L , X X 7 X X 

a 1 1 — — dx = a x 1 

0 L L 2 2 L 3 L 2 


= —ciL 
3 


f f 2L 


( 2\ 
X X 

dx 


J X EL dA ~ J o 4 

a 

1-- + — 

= a 

. 

l L L ~) 




2 3 4 

XXX 

T _ 3L + 4Z? 


= —aL 2 
3 


f _ , . f LL a , x x x v 

l^ A= Io 2 1_ l + zF a 1 _ 7 + 7 r 


L L 


=^r i-27 + 3^- 2 4 + 4 * 

2 Jo / j- r 3 r 4 


7 + 3^-2l T + 7 

l l 2 l 3 r 

o/i c “|2L 


2 2 3 4 5 

<2 X X X X 

2 L + L 2 2 L 3 + 5L 4 


11 2, 

= — a L 
5 


Hence, 


xA = fxtyfM: x — aL| = — a£r 

J £L l 3 J 3 


x = — L A 
4 




1 ^ 11 


_ 33 . 

V = <2 ^ 

40 
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(«) (b) (c) 


PROBLEM 5.142 

Three different drive belt profiles are to be 
studied. If at any given time each belt makes 
contact with one-half of the circumference of 
its pulley, determine the contact area between 
the belt and the pulley for each design. 


SOLUTION SOLUTION 




Applying the first theorem of Pappus-Guldinus, the contact area A,- of a belt 
is given by 

Ac = nyL -n'LyL 


where the individual lengths are the lengths of the belt cross section that are 
in contact with the pulley. 


(a) 


Ac — ■^"[2(.ViT 1 ) + y 2 T 2 ] 


u 

Y, 0.125' 

in. 

0.125 in. 

1 

LI 2 . 

cos 20° 


+ [(3-0.125) in. ](0. 625 in.) 


or 


(b) 


Ac — tt[2(_ViT 1 )] 

= 2 n 


f 0 375 

3-0.08-——— 


in. 


0.375 in A 
cos 20° ) 


A,- = 8.10 in 2 ◄ 


or 


(c) 


Ac - ^■[2(jy 1 i2 L )] 


-n 


r z 2(0.25) 

v * 


in. 


[;r(0.25 in.)] 


Ac = 6.85 in 2 A 


or 


Ac =7.01 in 2 ◄ 
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SOLUTION 


We have 


Then 


or 


or 




Rr 


R 


in 


±+ZF x 

+)IM 


B 



= ^(3ft)(480 lb/ft) = 720 lb 

= ^ (6 ft)(600 lb/ft) = 1800 lb 
= (2ft)(600 lb/ft) = 1200 lb 
= 0: B x = 0 

= 0: (2 ft)(720 lb) - (4 ft)(1800 lb) + (6 ft )C y - (7 ft)(1200 lb) = 0 

C v = 2360 lb C = 2360 lb | ◄ 

= 0 : -720 lb + 5-1 800 lb + 2360 lb - 1200 lb = 0 

B y = 1360 lb B = 1360 lb | ◄ 
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PROBLEM 5.144 

The beam AB supports two concentrated loads and rests on soil that 
exerts a linearly distributed upward load as shown. Determine the 
values of oo A and co B corresponding to equilibrium. 
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M 

Water 


PROBLEM 5.145 

The base of a dam for a lake is designed to resist up to 120 percent of 

: 

6.6 m 

the horizontal force of the water. After construction, it is found that 

/ .• 

Silt 


silt (that is equivalent to a liquid of density p s =1.76xl0 3 kg/m 3 ) is 
settling on the lake bottom at the rate of 12 mm/year. Considering a 




1-m-wide section of dam, determine the number of years until the 
dam becomes unsafe. 


SOLUTION 

First determine force on dam without the silt, 

p w =\ A Pw =\ A (pgh) 

= i[(6.6 m)(l m)][(10 3 kg/m 3 )(9.81 m/s 2 )(6.6 m)] 

= 213.66 kN 
^aiiow =1-2 P w = (1.5X213.66 kN) = 256.39 kN 

Next determine the force P' on the dam face after a depth d of silt has settled. 

We have P' v =^-[(6.6 -d) mx(l m)][(10 3 kg/m 3 )(9.81 m/s 2 )(6.6 - d) m] 

= 4.905(6.6 -df kN 

(P s ) 1 = [d( 1 m)][(10 3 kg/m 3 )(9.81 m/s 2 )(6.6 - d) m] 

= 9.81(6.6J -d 2 ) kN 

(P s ) n =L[d( 1 m)][(1.76xl0 3 kg/m 3 )(9.81m/s 2 )(r/)m] 

= 8.6328 d 2 kN 

P' = P' v + (P s \ + (P s ) n = [4.905(43.560- 13. 2000 d + d 2 ) 

+ 9.81(6.6^ -d 2 ) + 8.6328t/ 2 ]kN 
= [3.7278J 2 + 213.66] kN 

Now it’s required that P' = P Mmv to determine the maximum value of d. 

(3.7278J 2 + 213.66) kN = 256.39 kN 
or d- 3.3856 m 

~ m 

Finally, 3.3856 m = 12x10 3 xN or J /V = 282years A 

year 
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PROBLEM 5.146 

Determine the location of the centroid of the composite body shown 
when (a) h = 2b, ( b ) h - 2.5 b. 


SOLUTION 




'A'f i 1 * 



V 


IV 

Cylinder I 

7Ta 2 b 

-b 

2 

1 2,2 
—Ka~b 
2 

Cone II 

—7ta 2 h 

3 

b +—h 
4 

—Ka 2 h b + —h\ 

3 { 4 J 


1 

V = na 2 b +—h 


f i i I 

ExV = ;ra 2 -Zr + -Kb +—h 2 
l 2 3 12 


(a) For h = 2b, 


V-na 2 b + — (2b) -—nccb 
3 3 


YXV = na 2 -b 2 +-(2b)b + —(2b) 2 
_2 3 12 

2,2 1 “ 1 3 2,2 

= 7ta b~ — H t-— -—/ra b 

2 3 3 2 


XV=ZjrV: v[-;ra 2 &| = -;raV X=—b 


Centroid is - to left of base of cone. A 
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PROBLEM 5.146 (Continued) 


( b ) For h = 2.5b, 


V = na 


Z? + -(2.5Z?) 


= 1.8333 na-b 


-b 2 +-{2.5b)b +—{2.5bf 
2 3 12 


hxV - Ka 

= Kerb 2 [0.5 + 0.8333 + 0.52083] 
= 1.85416^-0 V 

fV=ZxV: f(1.8333^-a 2 &) = 1. 85416^-a V f = 1.01136/? 


Centroid is 0.01 136 b to right of base of cone. A 


Note: Centroid is at base of cone for h - \[bh = 2.449/?. 
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SOLUTION 


First, assume that the sheet metal is homogeneous so that the center of gravity of the form will coincide with 
the centroid of the corresponding area. 




A, m 2 

x, m 

y, in 

z, m 

xA, m 3 

yA, m 3 

zA, m 3 

I 

T-(3.6)(1.2) = 2.16 

1.5 

-0.4 

1.2 

3.24 

-0.864 

2.592 

II 

(3.6)(1.7) = 6.12 

0.75 

0.4 

1.8 

4.59 

2.448 

11.016 

III 

— (1.8) 2 = 5.0894 
2 

2.4 

n 

0.8 

1.8 

-3.888 

4.0715 

9.1609 

I 

13.3694 




3.942 

5.6555 

22.769 


We have 


XIV = ZxV: 

X (13.3694 m 2 ) = 3.942 m 3 

or 

F - 0.295 m ◄ 

YXV = XyV: 

F(13.3694 m 2 ) = 5.6555 m 3 

or 

F = 0.423 m ◄ 

Z£V=I,7V: 

Z(13.3694 m 2 ) = 22.769 m 3 

or 

Z = 1.703 m ◄ 
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CHAPTER 6 







PROBLEM 6.1 

Using the method of joints, determine the force in each member of the truss 
shown. State whether each member is in tension or compression. 
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PROBLEM 6.5 (Continued) 


Joint E\ 



i 





feF 



> 



' 



Z..4 wCps 


+t^=0: 

J>1 

t*j 

1 

to 

II 

O 




F be = +2.4 kips 

F be = 2.40 kips T 4 

Truss and loading symmetrical about <L, 
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PROBLEM 6.6 

Using the method of joints, determine the force in each member of 
the truss shown. State whether each member is in tension or 
compression. 
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PROBLEM 6.8 

Using the method of joints, determine the force in each member of the 
truss shown. State whether each member is in tension or compression. 
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SOLUTION 

Free body: Truss : 

XF x = 0: A x = 0 
Because of the symmetry of the truss and loading, 

A v = G = — total load 
y 2 



A y = G = 6.00 kN | 


Free body: Joint A : 
1,5 kN 


F „ - F *& \ , 

-AC -AG 


F ab _ F A c _ 4.50 kN 


f\=6,0DkN 

c 


‘t.SOkH 2.462 2.25 1 


F ac =10.125 kN 


F ab = 1 1 .08 kN C< 
F ac = 10.13 kN T ◄ 


Free body: Joint /l : 

3ktJ 
3 




+. SF. — 0: 


5\* 

F-H^kN \ F 
b 'EG 


-F.C+ — 

5 c 2.462 


Fro + 


2.25 


■tZF, = 0: 


+ f bd 
5 BC 2.462 


+ - 


2.462 

11.08 kN 
2.462 


(11.08 kN) = 0 


■ 3 kN = 0 


( 1 ) 

(2) 


Multiply Eq. (2) by -2.25 and add to Eq. (1): 

12 


F bc + 6.75 kN = 0 F bc = -2.8 125 


F bc = 2.81 kN C< 


Multiply Eq. (1) by 4, Eq. (2) by 3, and add: 

12 


F Bn + ' 


12 


2.462 BD 2.462 


(11.08 kN) -9 kN = 0 


F bd = -9.2335 kN 


F bd = 9.23 kN C ◄ 
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1 kN 



PROBLEM 6.18 

Determine the force in member FG and in each of the 
members located to the right of FG for the scissors roof 
truss shown. State whether each member is in tension or 
compression. 


SOLUTION 



+)s M a = 0: L( 12 m) - (2 kN)(2 m) - (2kN)(4 m) - (1 kN)(6 m) = 0 

L = 1.500 kN| 


Angles : 


tancr = l a = 45° 
tan P = ~^ P = 26.57° 


Zero-force members : 

Examining successively joints K, J, and I, we note that the following members to the right of FG are zero- 
force members: JK, IJ, and HI. 

Thus, F hi = F u = F jk = 0 A 

We also note that 


and 


Fa ~ F ix ~ F kl 


Fhj ~ F jl 


( 1 ) 

(2) 
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9 ft 


-18 ft- 


-18 ft- 


9 ft 



PROBLEM 6.20 

Solve Problem 6.19 assuming that the load applied at E has 
been removed. 

PROBLEM 6.19 Determine the force in each member of the 
Warren bridge truss shown. State whether each member is in 
tension or compression. 


6 kips 6 laps 
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B D F PRORI FM fi 91 

A ' 

\ 

7 

12 

ft Determine the force in each member of the Pratt bridge truss 
shown. State whether each member is in tension or compression. 

c 

1—9 ft — - 

4k 

E 

— 9 fl- 
ips 4 k 

G 

—9 ft— 

r ' 

ips 4 k 

O^P 

— 9 ft— | 

r 

ips 
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PROBLEM 6.21 (Continued) 



Free body: Joint D: 






~ 6,00 k,ps l 

F $ 

-DE 

We note that DE is a zero-force member: 
Also, 

From symmetry: 

Fde 

F df = 6.00 kips 

= 0 ◄ 

C ◄ 


& 

h? 

ii 

J 5 

F ef = 2.50 kips 

T ◄ 


ii 

ftj 

F eg = 4.50 kips 

T ◄ 


Ffg = ^bc 

F fg = 4.00 kips 

T ◄ 


^fh ~ Fab 

F fh =7.50 kips 

C ◄ 


Fgh ~ F ac 

F gh =4.50 kips 

T ◄ 
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PROBLEM 6.24 

For the tower and loading of Problem 6.23 and knowing that 
F ch = F ej =1.2 kN C and F EH — 0, determine the force in 
member HJ and in each of the members located between HI and 
NO. State whether each member is in tension or compression. 

PROBLEM 6.23 The portion of truss shown represents the 
upper part of a power transmission line tower. For the given 
loading, determine the force in each of the members located 
above HJ. State whether each member is in tension or 
compression. 
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PROBLEM 6.27 

Determine the force in each member of the truss shown. State whether 
each member is in tension or compression. 
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PROBLEM 6.28 
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SOLUTION 



Truss of Problem 6.31a : 

Starting with triangle HDI and adding two members at a time, we obtain 
successively joints A, E, J, and B, but cannot go further. Thus, this truss 

is not a simple truss. M 



Truss of Problem 6.32m 

Starting with triangle ABC and adding two members at a time, we obtain joints 
D, E, G, F, and H, but cannot go further. Thus, this truss 

is not a simple truss. M 



Truss of Problem 6.33 a : 

Starting with triangle ABD and adding two members at a time, we obtain 
successively joints H, G, F, E, /, C, and J. thus completing the truss. 

Therefore, this is a simple truss. M 
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SOLUTION 


mmm 


‘ ,1 3 


Truss of Problem 6.31/? : 

Starting with triangle CGM and adding two members at a time, we obtain 
successively joints B, L, F, A, K, J, then FI, D, N, I, E, 0, and P. thus completing 
the truss. 

Therefore, this truss is a simple truss. A 



Truss of Problem 6.32b : 

Starting with triangle ABC and adding two members at a time, we obtain 
successively joints E, D, F, G, and H. but cannot go further. Thus, this truss 

is not a simple truss. A 



(b) 


Truss of Problem 6.33 b : 

Starting with triangle GFH and adding two members at a time, we obtain 
successively joints D, E, C, A, and B, thus completing the truss. 

Therefore, this is a simple truss. A 
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SOLUTION 

Truss (a) : 


FB: Joint B: F BJ 

= 0 

FB: Joint D: F nl 

= 0 

FB: Joint E: F EI 

= 0 

FB: Joint /: F AI 

= 0 

FB: Joint F: F fk 

= 0 

FB: Joint G: F CK 

= 0 

FB: Joint K: F CK 

= 0 


The zero-force members, therefore, are 
Truss (b) : 


FB: Joint K: F fk = 0 


FB: Joint 0 : F I0 = 0 


The zero-force members, therefore, are 

All other members are either in tension or compression. 




(a) 


AI,BJ,CK,DI,EI,FK,GK ◄ 


FK and 10 ◄ 
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a. j 

Iv - 

NX // J 

V\ X/ 





0 o 

t'-: ■ - V--- ■■ -j 


PROBLEM 6.33 

For the given loading, determine the zero-force members in each 
of the two trusses shown. 


SOLUTION 

Truss (a): 


- F >°+ ^ - - if 

* T e 


U*(p 


Note: Reaction at F is vertical (F x = 0). 
Joint G: \zF = 0, 


Joint D : 


EF = 0, 


Fdb= 0 ◄ 


Joint F: 
Joint G: 

Joint J: 
Joint /: 


-LF = 0, 
■LF = 0, 

■ZF = 0, 
-ZF = 0, 


= 0 ◄ 


^/=0 ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 





PROBLEM 6.33 (Continued) 


Truss (b) : 



Joint A: 
Joint C: 
Joint E\ 
Joint F: 
Joint G: 


— EF = 0, 
\ XF = 0, 

— EF = 0, 
/ZF = 0, 
— *LF = 0, 


^ac=0 ◄ 
F C£ =0 ◄ 
Fef= 0 ◄ 


F, 


TO 


0 ◄ 


f gh -o ◄ 
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PROBLEM 6.34 

Determine the zero-force members in the truss of (a) Problem 6.26, ( b ) Problem 6.28. 


to 


SOLUTION 

(a) Truss of Problem 6.26 : 

FB: Joint /: F u = 0 
FB: Joint J: F CJ =0 
FB : Joint G: F CH = 0 

The zero-force members, therefore, are 

( b ) Truss of Problem 6.28 : 

FB : Joint B: F bf = 0 
FB : Joint B: F BC = 0 
FB: Joint C: F ( (: =0 
FB: Joint C: F CH =0 

The zero-force members, therefore, are BF . BG, CG, CH A 
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PROBLEM 6.35* (Continued) 


Substituting for F CA , F r/; , F CD , and equating to zero the coefficients of i, j, k : 


24 24 

F ac-^(Fbc+F C d)=0 
26 25 


( 1 ) 


j: 

k: 


10 

26 


F AC ~ 400 lb = 0 


2^ (V F C d ) _ 0 F cd - F bc 


F ac ~ 1040 lb T< 


Substitute for Fac and F cd in Eq. (1): 


-^(10.40 lb) -^(2F BC ) = 0 F bc = -5001b 


26 


Free body: B : 


(2oa^ T 
OtBotyt 



- F tu> 


4c 


25 


F bc = (500 lb) — = -(480 lb)i + (140 lb)k 
CB 

F ba =F ab ^- = (10j - 7k) 


Fbc ~ F cd = 500 lb C ◄ 


BA 12.21 


F - —F k 

r BD ~ r BD **■ 


SF — 0: F BA + F BO + F B( ~ + (480 lb)i + (200 lb) j — 0 
Substituting for F /;l , F /;/) , F BC and equating to zero the coefficients of j and k: 

10 


j: 


12.21 


F ab + 200 lb = 0 F ab = -244.2 lb 


F ab = 244 lb C ◄ 


k: — 


7 


12.21 


Fab - F bd + 140 lb = 0 


F = — 

r BD 


12.21 


(-244.2 lb) + 140 lb = +280 lb 


F bd = 280 lb T ◄ 


From symmetry: 


Fad ~ F ab 


F ad =244 lb C ◄ 
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PROBLEM 6.37* 



The truss shown consists of six members and is supported 
by a ball and socket at B , a short link at C, and two short 
links at D. Determine the force in each of the members for 
P = 0 and Q = (2968 N)i. 
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PROBLEM 6.38* (Continued) 


Substitute for F AD and F AC into Eq. (1): 

2 


F ab + 0.6(2500 lb) = 0, F ab = -1060.7 lb, 
v 2 


F ab = F ac = 10611b C ◄ 


Free body: B : 

i 



fee 




RA 

F BA — ^ +(1060.7 lb)^ - (750 lb)(i + k) 


£A 


i + k 


FfiC - F BC k 


F BD ^F BD (0.8j-0.6k) 


F„, = F^ = ^(7.5i + 8j-6k) 

dlL Iz.j 


ZF - 0: F BA + F bc + F bo + F B£ + (1800 lb)j - 0 
Substituting for F BA , F gc , F BD , and F BE and equating to zero the coefficients of i, j, k, 
7.5 


750 lb + 


j: 0.8 F bd + 


12.5 
8 


12.5 


F„ f = 0, F bf = -1250 lb 


(-1250 lb) + 1800 lb = 0 


F be = 1250 lb C< 


F bd - 1250 lb C< 


k: 750 lb - F BC - 0.6(-1250 lb) - -(-1250 lb) = 0 


ZF - 0: F DA + F db + F dc + F D£ i - 0 


F bc = 2100 lb T ◄ 
Fbd-Fcd- 12501b C< 


From symmetry: 

Free body: D : 

r / J&e 

We now substitute for F DA , F /)/; , F /x; and equate to zero the coefficient of i. Only F DA contains i and its 
coefficient is 

-0.6 F ad = -0.6(2500 lb) = -1500 lb 


-1500 lb + F de = 0 


F nF = 15001b T ◄ 
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PROBLEM 6.41* 

The truss shown consists of 18 members and is supported by a 
ball and socket at A, two short links at B. and one short link at G. 
( a ) Check that this truss is a simple truss, that it is completely 
constrained, and that the reactions at its supports are statically 
determinate. ( b ) For the given loading, determine the force in 
each of the six members joined at E. 


SOLUTION 


(a) Check simple truss . 

(1) Start with tetrahedron BEFG. 

(2) Add members BD, ED, GD joining at D. 

(3) Add members BA, DA, EA joining at A. 

(4) Add members DEI, EH, GH joining at H. 

(5) Add members BC, DC, GC joining at C. 

Truss has been completed: It is a simple truss . 

Free body: Truss : 

Check constraints and reactions . 

Six unknown reactions — ok; however, supports at A and 
B constrain truss to rotate about A B and support at G 
prevents such a rotation. Thus, 

Truss is completely constrained and reactions are statically determinate . 
Determination of reactions: 



EM a = 0: 1 li x (5 v j + B. k) + (1 li - 9.6k) x Gj 

+ (10.08j - 9.6k) x (275i + 240k) = 0 
1 \B y k - 1 ie v j + 1 lGk + 9.6Gi - (10.08)(275)k 
+ (10.08)(240)i - (9.6)(275)j = 0 
Equate to zero the coefficient of i, j, k: 

i: 9.6G + (10.08)(240) = 0 G = -2521b G = (-2521b)j < 

j : -1 IS, - (9.6)(275) = 0 B_= -240 lb 

k : 1 lB y + 1 1( — 252) - (10.08)(275) = 0, B y = 504 lb B = (504 lb)j - (240 lb)k < 
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PROBLEM 6.41* (Continued) 


IF = 0: A + (504 lbjj - (240 lb)k - (252 lb) j 
+ (275 lb)i + (240 lb)k = 0 


A = -(275 lb)i - (252 lb)j < 

Zero-force members . 

The determination of these members will facilitate our solution. 


(b) 


FB: C : Writing 
FB: F : Writing 
FB: A : Since 
FB: H : Writing 


ZF X = 0, IF =0, IF, = 0 


IF V = 0, EF y = 0, IF, =0 


A , = 0, writing IF = 0 


IF V = 0 


yields F BC = F CD = F CG = 0 < 
yields F bf = F ef =F fc = 0 <\ 
yields F AD - 0 <] 
yields F DH = 0 <1 


FB: D : Since F AD = F CD = F DH = 0, we need 
consider only members DB, DE, and DG. 

Since F DE is the only force not contained in plane BDG, it must be 
zero. Simple reasonings show that the other two forces are also zero. 


BD 



The results obtained for the reactions at the supports and for the zero-force members are shown on the 
figure below. Zero-force members are indicated by a zero (“0”). 

(woitok -(2szfc)i 

(S7Slb)l z i * 





(50Vlt)f 


Force in each of the members joined at E . 
We already found that 
Free body: A : I F y = 0 

Free body: H : I.F_ = 0 


F/j/.; - F ef 
yields F AE = 252 lb 
yields F EH = 240 lb 


= 0 ◄ 

T ◄ 
C ◄ 
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PROBLEM 6.42* 

The truss shown consists of 18 members and is supported by a 
ball and socket at A, two short links at B, and one short link at G. 
(a) Check that this truss is a simple truss, that it is completely 
constrained, and that the reactions at its supports are statically 
determinate. ( b ) For the given loading, determine the force in each 
of the six members joined at G. 


SOLUTION 


See solution to Problem 6.41 for part (a) and for reactions and zero-force members. 
( b ) Force in each of the members joined at G. 

We already know that 


Free body: H \ ~LF X = 0 

Free body: G : EF = 0: F GB + F G£ +(275 lb)i - (252 lb)j = 0 

(- 10.08 j + 9.6k) + ^(-1 li + 9.6k) + 275i - 252 j = 0 
13.92 J 14.6 

Equate to zero the coefficient of i, j, k: 


Fee ~ Fdg ~ F fg — 0 
yields F GH = 275 lb C ◄ 


4h=(Z 757*)i 



-(*«% 


j: 


k: 


11 

146 

10.08 


13.92 
9.6 


F eg + 275 = 0 


F bg - 252 = 0 


13.92 


f 96 

(-348)+ — — 1(365) = 0 
U4.6 ' 


(Checks) 


F eg = 365 lb J ◄ 


F bg = 348 lb C ◄ 
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A < 

12 kN 12 kN 

c \e |g 

i 

PROBLEM 6.43 

Determine the force in members CD and DF of the truss shown. 

/i f 

D , 



'Z— wzL 

S' J 1.8 m 
■' n L 

_A_ D F H 

l« — 4 panels @ 2.4 m = 9.6 m 

~'-A- 

-1 
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PROBLEM 6.44 

—f Determine the force in members FG and FH of the truss shown. 

.8 m 



A f^= 


12 kN 12 kN 

k k 


A. F> F H 




w 


J 

M 

H 

L — 4 panels @ 2.4 m = 9.6 m — *\ 
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PROBLEM 6.45 

A Warren bridge truss is loaded as shown. Determine the force in 
members CE, DE, and DF. 
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PROBLEM 6.46 

A Warren bridge truss is loaded as shown. Determine the force in 
members EG, FG, and FH. 


SOLUTION 

See solution of Problem 6.45 for free-body diagram of truss and determination of reactions: 

A = 8400 lb 

We pass a section through members EG, FG, and FH, and use the free body shown . 

+)IM f =0: (3600 lb)(3 1 .25 ft) - F EG (15 ft) = 0 


k = 3600 lb < 


123ft, 125ft, 6.25ft 


F EC = +7500 lb 


■till 

"~T 

IS-fl 

\ K i 

c 

1 

I . 


+| IF = 0: 

y 16.25 


F fg + 3600 lb = 0 


Kr3t>00lb 


F fg = -3900 lb 


F ec = 7500 lb T < 


Ffg ~ 3900 lb C ◄ 


+)IM g = 0: F fh (15 ft) + (3600 lb)(25 ft) = 0 


F fh = -6000 lb 


F fh = 6000 lb C ◄ 
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PROBLEM 6.48 

Determine the force in members GI, GJ, and HI of the 
truss shown. 
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a er .. a er ... 

^ A EC ... w 

PROBLEM 6.49 


' -t.'j ni " 

' 111 " 

^ 6t.D 111 



20 kN 

20 kN 


36 kN 

A 

’D ' 

’G 

1 Determine the force in members AD, CD, and CE of the 

— r truss shown. 




/S' 





2.4 m 



: 

1 

K 1 

E I 

’ ^ 



SOLUTION 

Reactions: 



+)IM k = 0: 36(2.4) - 5(13.5) + 20(9) + 20(4.5) = 0 

= 0: -36 + K x = 0 K t = 36kN — 

+|EF V =0 : 26.4 - 20 - 20 + K y =0 K v = 13.6kN( 



+')ZM C =0: 36(1.2)- 26.4(2.25) -F AD {1. 2) = 0 


F AD = -13.5kN 


+)ZM A =0: 


17 


CD 


(4.5) = 0 


+)IM d = 0 : 


|| F C J (2.4)- 26.4(4.5) = 0 


F C£ = +56. 1 kN 


B = 26.4 kN * 


F ad = 13.5 kN C< 


Fcd ~ 0 


F ce = 56.1 kN T ◄ 
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*3m> 
A ’ 

*3 m — 

10 kN 

'c 

110 kN 

\e ' 

h 3m 1 PROBLEM 6.53 

10 kN llOkN 

'G t Determine the force in members CD and DF of the truss shown. 

5 

J 

r 

m 

3 

1 

[Sr 
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PROBLEM 6.54 

Determine the force in members CE and EF of the truss shown. 
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1.2 kN 



PROBLEM 6.55 

The truss shown was designed to support the roof of 
a food market. For the given loading, determine the 
force in members FG, EG, and EH. 
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1.2 kN 



PROBLEM 6.56 

The truss shown was designed to support the roof of 
a food market. For the given loading, determine the 
force in members KM, LM, and LN. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


832 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


833 






PROBLEM 6.58 

A Polynesian, or duopitch, roof truss is loaded as 
shown. Determine the force in members HI, GI, 
and GJ. 
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PROBLEM 6.59 

Determine the force in members DE and DF of the truss shown 
when P = 20 kips. 


SOLUTION 

Reactions: 


Member DE: 


C = K = 2.5p\ 

o 7.5 

tan B = 

18 

P = 22.62° 


+)IM a = 0: (2.5P)(6 ft) - F DE (12 ft) = 0 



For P-20 kips, 
Member DF: 


F de = +1.25P 
F de = +1.25(20) = +25 kips 

+')ZM £ = 0: P(12 ft) - (2.5P)(6 ft) - F df cos P ( 5 ft) = 0 
12P — 15P — F df cos22.62°(5 ft) = 0 


F D£ = 25.0 kips T ◄ 


F df = -0.65P 


For P-20 kips, 


F df =-0.65(20) = -13 kips 


F df =13.00 kips C< 
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7.5 ft 

lA 


D 

-*c p"\ 


H 

-itk-. 


7 

' l 


■i • d- q — ~ o -- n ~ r. 

-^- C E G I ?&zK 

w p Tp Tp Tp Tp 


-6 panels @ 6 ft = 36 ft- 


PROBLEM 6.60 

Determine the force in members EG and EF of the truss shown 
when P = 20 kips. 
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PROBLEM 6.61 


Determine the force in members EH and GI of the 
truss shown. (Hint: Use section aa.) 


12 kips 12 kips 12 kips 
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SOLUTION 


See the solution to Problem 6.61 for free body diagram and analysis to determine the reactions at supports A 
and P. 




flL L , T 15ft t 

12 W'. P 5 12 2+ k‘. ? * 


A v =0; A y =12.00 kips j; P = 24.0 kips { 

+)ZM l =0: F hj (16 ft) - (12 kips)(15 ft) + (24 kips)(30 ft) = 0 


F HJ = -33.75 kips 
±^ZF x = 0: 33 .75 kips - F„ = 0 

F n = +33.75 kips 


F hj = 33.8 kips C 4 


F il = 33.8 kips T ◄ 
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SOLUTION 


5 kW 




A 

"7 

SkM 

/ \ 

fiUM F = 0: F dg (4 m)-(5 kN)(3 m) = 0 

U 

The -tf 

F F dg = +3.75 kN F dc = 3.75 kN T ◄ 

JV 

1 ' 

'Ffi +|XF v =0: -3.75kN-F w =0 

H — 4m— H 



F PI =-3.75 kN Fp, = 3.75 kN C ◄ 
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4.8 kips 4.8 kips 4.8 kips 2.4 kips 2.4 kips 



PROBLEM 6.65 

The diagonal members in the center panels of the truss shown 
are very slender and can act only in tension; such members are 
known as counters. Determine the forces in the counters that 
are acting under the given loading. 


SOLUTION 



+ )'LM h = 0: 4.8(3u) + 4.8(2n) + 4.8 a - 2.4 a - F y (2 a) = 0 


F y =+13.20 kips 

+\lF y =0: H + 13.20 kips - 3(4.8 kips) - 2(2.4 kips) = 0 
FI = +6.00 kips 


Free body: ABF : 

We assume that counter BG is acting. 

+ tZF=0: ~ — F Rr +13.20-2(4.8) = 0 

I V 14 . 6 Be 


Fbg = +5.475 

Since BG is in tension, our assumption was correct. 

Free body: DEH : 

We assume that counter DG is acting. 

+ tXF=0: - — F nr +6.00-2(2.4) = 0 
I y 14 _ 6 dg 


F dg = +1.825 

Since DG is in tension, O.K. 


F = 13.20 kipst < 
H = 6.00 kips f < 


4.8 Idpj 4.8 Idp* 



F bg = 5.48 kips T A 



F dg = 1 .825 kips T A 
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PROBLEM 6.66 

The diagonal members in the center panels of the truss shown 
are very slender and can act only in tension; such members are 
known as counters. Determine the forces in the counters that 
are acting under the given loading. 
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20 “ 


1.20 m 



0.60 m 


0.60 m 


0.60 m 


0.60 m 


1.20 m 


0.60 m 
0.60 m 


PROBLEM 6.67 

The diagonal members in the center panels of 
the power transmission line tower shown are 
very slender and can act only in tension; such 
members are known as counters. For the given 
loading, determine (a) which of the two 
counters listed below is acting, (b) the force 
in that counter. 

Counters CJ and HE 


SOLUTION 

Free body: Portion ABDFEC of tower . 

We assume that counter CJ is acting and show the forces exerted by that counter and by members CH and EJ. 


m 


±~'LF X = 0: | F CJ - 2(1 .2 kN) sin 20° = 0 F CJ = +1 .026 kN 
Since CJ is found to be in tension, our assumption was correct. Thus, the answers are 

(a) CJ ◄ 

(b) 1.026 kN T ◄ 
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1.20m 



0.60 m 


0.60 m 


0.60 m 


0.60 m 


1.20 m 


0.60 m 
0.60 m 


PROBLEM 6.68 

The diagonal members in the center panels of 
the power transmission line tower shown are 
very slender and can act only in tension; such 
members are known as counters. For the given 
loading, determine (a) which of the two 
counters listed below is acting, ( b ) the force 
in that counter. 

Counters IO and KN 


SOLUTION 

Free body: Portion of tower shown . 



frrr 

J *1.20 m 

i^j r ^ * 

1.60 m 


We assume that counter IO is acting and show the forces exerted by that counter and by members IN and KO. 

=0: — F I0 —4(1.2 kN) sin 20° = 0 F /o =+2.05kN 


Since IO is found to be in tension, our assumption was correct. Thus, the answers are 


(a) IO ◄ 

( b ) 2.05 kN T ◄ 
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SOLUTION 


Structure (a) 

Number of members: 

Number of joints: 
Reaction components: 


in — 16 


n — 10 


r = 4 

m+ r = 20, 2 n = 20 



(a) 


Thus, 


m + r — 2 n <d 


To determine whether the structure is actually completely constrained and determinate, we must try to find the 
reactions at the supports. We divide the structure into two simple trusses and draw the free-body diagram of 
each truss. 



This is a properly supported simple truss - O.K. This is an improperly supported simple 

truss. (Reaction at C passes through B. Thus, 

Eq. TM B = 0 cannot be satisfied.) 


Structure (b) 


Thus, 


m — 16 
n = 10 
r = 4 

m + r — 20, 2 n — 20 


Structure is improperly constrained. M 



(b) 

m + r — 2 n 
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PROBLEM 6.69 (Continued) 


We must again try to find the reactions at the supports dividing the structure as shown. 


r -dJ 





X 



Both portions are simply supported simple trusses. 


* 


Structure is completely constrained and determinate. M 


Structure (c) 


m — 17 
n — 10 
r = 4 

m + r = 21, 2rz=20 


Thus, 



This is a simple truss with an extra support which causes reactions (and forces in members) to be 
indeterminate. 


Structure is completely constrained and indeterminate. M 
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SOLUTION 






Structure (a): 






Nonsimple truss with r = 4, 

m = 16, n = 10, 




so m + r = 20 = 2 n, but we must examine further. 



FBD Sections: 






X: 


t %■ 

P 


CL * 


O. ’ 

f (X. 


a 

j\ 


/ 

Z 


7?‘ 


S * Jj* : 

•c 

D *\ 

k e 


A 




f 7 

FBD I: 

~LM A =0 => 

h 



II: 

M 

II 

o 

u 

T 2 



I: 

M 

II 

o 

u 

A 



I: 

M 

II 

o 

u 

A 



II: 

Y.M e = 0 => 

A 



II: 

M 

II 

o 

u 

E y 



Since each section is a simple truss with reactions determined, 





structure is completely constrained and determinate. M 

Structure (b): 






Nonsimple truss with r = 3, 

m = 16, n = 10, 




so 

m + r = 19 < 2 n 

= 20 


Structure is partially constrained. M 
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PROBLEM 6.70 (Continued) 


Structure (c) : 



Simple truss with r = 3, m = 17, n = 10, m + r = 20 = 2n, but the horizontal reaction forces A x and E x 

are collinear and no equilibrium equation will resolve them, so the structure is improperly constrained 

and indeterminate. A 
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PROBLEM 6.71 (Continued) 


Structure (c) : 



Nonsimple truss with r = 3, m = 13, n = 8 so r + m = 16 = 2 n. To further examine, follow procedure in 
part (a) above to get truss at left. 

Since F, # 0 (from solution of joint F), 

= aF x j ■£ 0 and there is no equilibrium. 


Structure is improperly constrained. M 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


850 





PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


851 





PROBLEM 6.72 (Continued) 


Structure (c) 


Thus, 


m — 13, n — 8 
r = 4 

m+r = 17, 2n — \6 



m + r>2n 


< 

Structure is completely constrained and indeterminate. M 


This result can be verified by observing that the structure is a simple truss (follow lettering to check this), 
therefore it is rigid, and that its supports involve four unknowns. 
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PROBLEM 6.74 (Continued) 


Structure (c) : 

No. of members 
No. of joints 

No. of reaction components 



r — 4 unknows > equations 

completely constrained but indeterminate A 
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PROBLEM 6.75 

Determine the force in member BD and the components of the 
reaction at C. 
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135 mm 



PROBLEM 6.76 

Determine the force in member BD and the components of the 
reaction at C. 


SOLUTION 

We note that BD is a two-force member. The force it exerts on ABC, therefore, is directed along line BD. 
Free body: ABC : 

U 

/ 


TCfi- “sr 


ffSO*. 


I20w\ 

A 


/ / 
\A 5,0 “ 


B 


7 




n 

135 ron* 


Attaching F SZ) at D and resolving it into components, we write 
+)IM C = 0: (400 N)(135 mm) + 


F bd (240 mm) = 0 


F„ n = -255 N F„ n = 255 N C ◄ 


.ZF=0: C r +— (-255N) = 0 
x A 510 


C =+120.0 N 


C v = 120.0 N — *- A 


+1 TF=0: C -400N + — (-255N) = 0 

i v v 51Q v 


C y = +625 N 


C V = 625N|4 
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40 mm 

T 

480 N ^ l 

• 

— f B Q c IJ 

S PROBLEM 6.77 

LoL 

j 1 "" Determine the components of all forces acting on member ABCD of the 
assembly shown. 

i 

V J 

1 QTi 






hill 

80 mm 

80 mm 

T 

40 m 

40i 

m 
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PROBLEM 6.78 

Determine the components of all forces acting on member ABD 
of the frame shown. 
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PROBLEM 6.79 

For the frame and loading shown, determine the components of all 
forces acting on member ABC. 
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PROBLEM 6.80 

Solve Problem 6.79 assuming that the 20-kip load is replaced by a 
clockwise couple of magnitude 100 kip • ft applied to member EDC 
at Point D. 

PROBLEM 6.79 For the frame and loading shown, determine the 
components of all forces acting on member ABC. 
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PROBLEM 6.81 

Determine the components of all forces acting on member 
ABCD when 0 = 0. 


SOLUTION 

Free body: Entire assembly : 


.PiVwr/iJiinis i* 1 mm 



+)IM b = 0: A(200)- (150 N)(500) = 0 

A = +375 N 

_±*£F V =0: B x + 375 N = 0 

B x = -375 N 

+ (lF v =0: B y -150 N = 0 

B y = +150 N 


A = 375 N — *- A 
B x =375 N — ◄ 

B v =150 


Free body: Member ABCD : 

We note that D is directed along DE, since DE is a two-force member. 



+jl,M c - 

= 0: 

£>(300) - (150 N)(100) + (375 N)(200) 

= 0 



D 

= -200 N 


D = 

+.IF,. 

= 0: 

c x 

+ 375-375 = 

0 




c x 

= 0 



+tw 

= 0: 

C y 

+ 150-200 = 

0 




C > 

, = +50.0 N 


C = 


C = 50.0 N ◄ 
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50 mm 


200 mm 



PROBLEM 6.82 

Determine the components of all forces acting on member 
ABCD when 6 = 90°. 


SOLUTION 


Free body: Entire assembly : 



= 0: A(200) - (150 N)(200) = 0 

A = +150.0 N 

±~ZF X = 0: B x + 150 — 150 = 0 


+ t^=0: B y = 0 


5=0 


A = 150.0 N — - ◄ 


B =0 ◄ 


Free body: Member ABCD : 

We note that D is directed along DE, since DE is a two-force member. 

+)1M C =0: D(300) + (150 N)(200) = 0 


B 

tV ' 

, D 

+ y/r -o- 

D = 

C x + 150 N = 0 

C x = -150 N 

-100.0 N D = 100.0 N,4 

L 

U — if W — *■ 

r 

^ r x U • 

C v =150.0 N— ◄ 

Tso*N 



+ 

M 

II 

o 

C y - 100 N = 0 

C y =+100.0 N 

C v = 100.0 N' ◄ 
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PROBLEM 6.83 (Continued) 


FromEq. (1): A y + E y - 750 N = 0 

150 N + £ v - 750 N = 0 

E y = 600 N E y =600Nf 

A v =150.0 Nf ◄ 
E y = 600 N | ◄ 


Thus, reactions are 


A t = 300 N 
E„ = 300 N- 
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240 mm 240 mm 



PROBLEM 6.84 

Determine the components of the reactions at A and £ if a 750-N force 
directed vertically downward is applied (a) at B, (b) at D. 


SOLUTION 


Free-body: Entire frame : 

The following analysis is valid for both parts (a) and (b) since position of load on its line of action is immaterial. 

+)'LM l 



(a) 


0 b ) 


: 0: -(750 N)(240 mm) - 4 . (400 mm) = 0 

4 = -450 N A r = 450 N- 
-±.EE t =0: E x - 450 N = 0 E x = 450 N E X =450N“ 
+ )ZF V = 0: A y +E y - 750 N = 0 


( 1 ) 


Load applied at B . 

Free body: Member CE : 

CE is a two-force member. Thus, the reaction at E must be directed along CE. 


240 mm 


From Eq. (1): 
Thus, reactions are 


E = 225 N 1 
450 N 480 mm v 1 

4 + 225 - 750 = 0; A V =525 N| 



E,. = 450N ■ 


E y = 225 N | ◄ 


Load applied at D . 

Free body: Member AC : 

AC is a two-force member. Thus, the reaction at A must be directed along AC. 

160 mm 


From Eq. (1): 


Thus, reactions are 


A = 150.0 n| 

450 N 480 mm y 1 


A y + E y - 750 N = 0 
150 N + 4 - 750 N = 0 
E y = 600 N E V =600N| 




yeo»iB- 


a 1 

-K 


A x = 450 N 
E =450N- 




A v =150.0 Nf ◄ 
E v = 600 N t ◄ 
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PROBLEM 6.85 (Continued) 


From Eq. (1): 


Ay+E y = 0 
90 N + E y = 0 

E y =-90 N E v = 90 N j 


Thus, reactions are 


A v = 180.0 N -* — , A v = 90.0 N | ◄ 

E v = -180.0 N — E v =90.0n{4 
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PROBLEM 6.86 (Continued) 


From Eq. (1): 


Thus, reactions are 


\ +E y = 0 

30 N + £ v = 0 

E y =- 30 N E y = 30 N | 


A x = 90.0 N — , A v = 30.0 N f ◄ 
E t = -90.0 N — E v =30.0N T 4 
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^ 10in —| PROBLEM 6.89 



Determine the components of the reactions at A and B, (a) if the 500-N load is 
applied as shown, (b) if the 500-N load is moved along its line of action and is 
applied at Point F. 


SOLUTION 

Free body: Entire frame : 



Analysis is valid for either parts (a) or ( b ), since position of 100-lb load on its line of action is immaterial. 

+)1M a = 0: B y (10) - (100 lb)(6) = 0 5 v =+601b 

+ )EF V =0: A v +60-100 = 0 

-±*£F= 0: A r + B =0 


A y =+40 lb 


( 1 ) 


(i a ) Load applied at E . 

Free body: Member AC : 


A ____A y =AO IW 

T 

5 in, 

A 


C 


k- 10 in. ->J 

Since AC is a two-force member, the reaction at A must be directed along CA. We have 

= A = 80.0 lb -* — , A = 40.0 lb f ◄ 

10 in. 5 in. 1 y 

FromEq. (1): -80 + 5 t =0 F r =+801b 

Thus, B r = 80.0 lb - 


B =60.0 lb | ◄ 
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PROBLEM 6.89 (Continued) 


( b ) Load applied at F . 

Free body: Member BCD : 

Since BCD is a two-force member (with forces applied at B and C only), 
the reaction at B must be directed along CB. We have, therefore, 

B x = 0 

The reaction at B is B t = 0 

FromEq. (1): A v +0 = 0 A x = 0 

The reaction at A is A x = 0 



B y =60.0 lb | ◄ 


A y = 40.0 lb | ◄ 
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PROBLEM 6.90 

(i a ) Show that when a frame supports a pulley at A, an equivalent loading of the frame and of each of its 
component parts can be obtained by removing the pulley and applying at A two forces equal and parallel to 
the forces that the cable exerted on the pulley, (b) Show that if one end of the cable is attached to the frame at 
a Point B, a force of magnitude equal to the tension in the cable should also be applied at B. 



(a) (b) 


SOLUTION 


First note that, when a cable or cord passes over a frictionless, motionless pulley, 
the tension is unchanged. 

(+ZM C = 0: rT 1 -rT 1 = 0 7j =T 2 

(a) Replace each force with an equivalent force-couple. 





(b) 


Cut the cable and replace the forces on pulley with equivalent pair of forces at A as above. 
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PROBLEM 6.91 

A 3-ft-diameter pipe is supported every 16 ft by a small frame like 
that shown. Knowing that the combined weight of the pipe and its 
contents is 500 lb/ft and assuming frictionless surfaces, determine the 
components (a) of the reaction at E, (b) of the force exerted at C on 
member CDE. 
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PROBLEM 6.92 



Solve Problem 6.9 1 for a frame where h- 6 ft. 

PROBLEM 6.91 A 3-ft-diameter pipe is supported every 16 ft by a 
small frame like that shown. Knowing that the combined weight of the 
pipe and its contents is 500 lb/ft and assuming frictionless surfaces, 
determine the components (a) of the reaction at E, ( b ) of the force 
exerted at C on member CDE. 
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PROBLEM 6.94 

Knowing that the pulley has a radius of 50 mm, determine the components 
of the reactions at B and E. 
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PROBLEM 6.95 


A trailer weighing 2400 lb is attached to a 2900-lb pickup truck by a ball-and-socket truck hitch at D. 
Determine ( a ) the reactions at each of the six wheels when the truck and trailer are at rest, (b) the additional 
load on each of the truck wheels due to the trailer. 



SOLUTION 


(a) Free body: Trailer : 

(We shall denote by A, B, C the reaction at one wheel.) 
+)IM a = 0: -(2400 lb)(2 ft) + D(1 1 ft) = 0 

D = 436.36 lb 

+ (XF v = 0: 2A -2400 lb + 436.36 lb = 0 

A = 981.82 lb 



A = 982 lb ◄ 



Free body: Truck . 

+ )ZM h = 0: (436.36 lb)(3 ft) - (2900 lb)(5 ft) + 2C(9 ft) = 0 

I Z9oo/t> 7 

C = 732.83 lb C = 733 lb f ◄ 

+ |ZF V =0: 2B - 436.36 lb - 2900 lb + 2(732.83 lb) = 0 

B = 935.35 lb B =935 lb | ◄ 

(b) Additional load on truck wheels . 

Use free body diagram of truck without 2900 lb. 

+)I.M b = 0: (436.36 lb)(3 ft) + 2C(9 ft) = 0 

C = -72.73 lb AC = -72.7 lb ◄ 

+ 1 ZF y = 0: 2 B- 436.36 lb - 2(72.73 lb) = 0 

B = 290.9 lb AB = +29 1 lb ◄ 
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PROBLEM 6.96 



In order to obtain a better weight distribution over the 
four wheels of the pickup truck of Problem 6.95, a 
compensating hitch of the type shown is used to attach 
the trailer to the truck. The hitch consists of two bar 
springs (only one is shown in the figure) that fit into 
bearings inside a support rigidly attached to the truck. 
The springs are also connected by chains to the trailer 
frame, and specially designed hooks make it possible to 
place both chains in tension, (a) Determine the tension T 
required in each of the two chains if the additional load 
due to the trailer is to be evenly distributed over the four 
wheels of the truck. ( b ) What are the resulting reactions at 
each of the six wheels of the trailer-truck combination? 

PROBLEM 6.95 A trailer weighing 2400 lb is attached 
to a 2900-lb pickup truck by a ball-and-socket truck hitch 
at D. Determine (a) the reactions at each of the six wheels 
when the truck and trailer are at rest, ( b ) the additional 
load on each of the truck wheels due to the trailer. 
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PROBLEM 6.96 (Continued) 


Actual reactions: 


From part a: 


+ \ZF y = 0: 2 B'- 2900 lb + 2(805.6 lb) = 0 

B' = 644.4 lb 

B - B' + A - 644.4 lb + 64.86 = 709.2 lb 
C = C' + A = 805.6 lb + 64.86 = 870.46 lb 


B' = 644.4 lb f 

B =709 lbf ◄ 
C = 870 lbf ◄ 
A = 1070 lbf ◄ 
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PROBLEM 6.97 


The cab and motor units of the front-end loader shown are connected by a vertical pin located 2 m behind the 
cab wheels. The distance from C to D is 1 m. The center of gravity of the 300-kN motor unit is located at G m , 
while the centers of gravity of the 100-kN cab and 75-kN load are located, respectively, at G c and G/. 
Knowing that the machine is at rest with its brakes released, determine (a) the reactions at each of the four 
wheels, ( b ) the forces exerted on the motor unit at C and D. 


100 kN 
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PROBLEM 6.98 


Solve Problem 6.97 assuming that the 75-kN load has been removed. 


PROBLEM 6.97 The cab and motor units of the front-end loader shown are connected by a vertical pin 
located 2 m behind the cab wheels. The distance from C to D is 1 m. The center of gravity of the 300-kN 
motor unit is located at G m , while the centers of gravity of the 100-kN cab and 75-kN load are located, 
respectively, at G c and G/. Knowing that the machine is at rest with its brakes released, determine (a) the 
reactions at each of the four wheels, ( b ) the forces exerted on the motor unit at C and D. 
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1—0.9 m -4- 0.9m-4*—| 


0.3 in 


PROBLEM 6.99 

For the frame and loading shown, determine the components of all forces 
acting on member ABE. 


SOLUTION 

FBD Frame: 

(+IM e = 0: (1.8 m)F y - (2.1 m)(12 kN) = 0 

F y = 14.00 kN f 

+ flF y =0: —E y + 14.00 kN - 12 kN = 0 

E y = 2 kN { 



E v = 2.00 kN , ◄ 


FBD member BCD : 


(+'LM b = 0: (1.2 m)C v - (12 kN)(1.8 m) = 0 C y = 18.00 kN| 


But C is _L ACF, so C =2C: C =36.0kN- 


= 0: —B x + C x = 0 B x = C x = 36.0 kN 
B x = 36.0 kN — on BCD 
+ )ZF v =0: - B y + 18.00 kN - 12 kN = 0 B y = 6.00 kN { on BCD 



.ViM 


On ABE\ 


FBD member ABE: 



(+ZM a = 0: (1.2 m)(36.0 kN) - (0.6 m)(6.00 kN) 
+ (0.9 m)(2.00 kN) - (1.8 m )(E X ) = 0 

J^ZF v = 0: -23.0 kN + 36.0 kN - A x =0 
+ )EF v = 0: -2.00 kN + 6.00 kN - A v = 0 


B^e.OkN— ◄ 
B v =6.00kN|4 


E x = 23.0 kN — ◄ 
A v =13.00 kN— ◄ 
A y = 4.00 kN ◄ 
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PROBLEM 6.101 (Continued) 


Free body: Member ABD : 
From above: 


+)IM B = 0: D y (18 in.) - (600 lb)(6 in.) = 0 

D v = +200 lb 


6001b 3. P, . 

A A.-J J * 

- M B 1 A l-D 

+.ZF,=0: 

B x + 2220 lb -1110 lb = 0 


B x =-11 10 lb 

1110 lb U - f0,v — *-|2Z20/b 

6iVi' 

+ b F ,=0: 

B v + 200 lb + 600 lb = 0 



B = -800 lb 


D v =2220 lb — ◄ 
D v = 200 lb ◄ 
B f = 1 1 10 lb - — ◄ 
B v = 800 lb ◄ 
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PROBLEM 6.102 (Continued) 


Free body: Member ABD : 
From above: 



+)XM B =0: D v (1 8 in.) - (240 lb)(6 in.) = 0 

D v = +80 lb 

-±~EF t = 0: B x +1320 lb -660 lb = 0 

B x = -660 lb 

+ fXF v = 0: + 80 lb + 240 lb = 0 

B v = -320 lb 


D v = 1320 lb — ◄ 
D y = 80.0 lb ◄ 
B A = 660 lb — ◄ 
B v = 320 lb ◄ 
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PROBLEM 6.103 

For the frame and loading shown, determine the components of the forces acting 
on member CDE at C and D. 


SOLUTION 

Free body: Entire frame : 



HM y =0 : A v - 25 lb = 0 


A v = 25 lb 


A v = 25 lb | 


+)ZM f = 0: A t (6.928 + 2 x 3.464) - (25 lb)(12 in.) = 0 


Free body: Member CDE : 

r n I 

. A 

Free body: Member ABD : 


A x = 21.651 lb 

±^ZF x =0: F -21.651 lb = 0 

F = 21.651 lb 

+)1M C = 0: D y (4 in.) - (25 lb)(10 in.) = 0 


D„ = +62.5 lb 


-‘'ZF y =0: -C v +62.5 lb -251b = 0 


C y =+37.5 lb 


+')ZM B =0: Z) v (3.464 in.) + (21.65 lb)(6.928 in.) 

-(25 lb)(4 in.) - (62.5 lb)(2 in.) = 0 
D= +21.65 lb 


Return to free body: Member CDE : 
From above: 




, 37 X4> 

* 




D x =+ 21.651b 
_±*ZF t = 0: C x -21.65 lb 
C. =+21.65 lb 


A =21.65 lb 


F = 21.65 lb 


D v =62.5 lb | ◄ 
C v = 37.5 lb ◄ 



C„ = 21.7 lb — ◄ 
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PROBLEM 6.105 

For the frame and loading shown, determine the components of all 
forces acting on member ABD. 


SOLUTION 


. Dimensions in mm 

• J 3 


T ** 


500 C< 

I u 


i 


600 


hoo 


-4 


Free body: Entire frame : 

+)S M a = 0: F( 500) - (3 kN)(600) - (2 kN)(1000) = 0 

F = +7.60 kN F = 7.60 kN 


E 

Z kN 


±~XF x = 0: A x + 7.60 N = 0, 

A x = -7.60 N 

+ )ZF v =0: A y - 3 kN - 2 kN = 0 

Ay =+5kN 


A.. = 7.60 kN 


A y = 5.00 kN | 4 


-ji '■ 

Bx ' 


i C 3W 


B — 

2.00 


p)0 


E 

Zk hi 


Free body: Member CPE : 

+)IM C = 0: D y (400) - (3 kN)(200) - (2 kN)(600) = 0 
D y = +4.50 kN 


760 kfj 

EkK j 

B 

J £x 


A 

3 

Lfot) 

A 

- Ifoo — »4 

t 

^00 

— ► -A- 
D 

, ~x 


4,50 feN 


+ |EE 3 , =0: 


D v = 4.50 kN ◄ 

D x (200) - (4.50 kN)(400) - (5 kN)(400) = 0 

D x = +19 kN D v = 19.00 kN — ► ◄ 

B x +19 kN- 7.60 kN = 0 

B x =-11.40kN B v = 11.40 kN •* — -4 

By + 5 kN - 4.50 kN = 0 

By = -0.50 kN B y = 0.500 kN { ◄ 


Free body: Member ABD : 

From above: 

+)ZM B = 0 : 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


898 






400 ► 

La 

- 4( 

B 

)0 



L o 


3 

200 

c\ 



D 

300 

i 



'3kN 

1 

1 

rn ni 

F 

/ 




200 200 200 

Dimensions in mm 


E 


2kN 


PROBLEM 6.106 

Solve Problem 6.105 assuming that the 3-kN load has been removed. 

PROBLEM 6.105 For the frame and loading shown, determine the 
components of all forces acting on member ABD. 


SOLUTION 



E 

ZkN 


Free body: Entire frame : 


+JSM A =0: 

F(500) - (2 kN)(1000) = 0 



F = +4kN 

F = 4.00 kN — 

o 

II 

w 

+! 

A x + 4kN = 0, 



A x = — 4 kN 

A x = 4.00 kN — ◄ 

+ jSF v =0: 

Ay - 2 kN = 0, 



Ay =+2kN 

A v =2.00kN| ◄ 




Free body: Member CPE : 

+)l M c = 0: (400) - (2 kN)(600) = 0 

D y = +3.00 kN 


Free body: Member ABD : 

From above: - 3.00 kN T A 


+)I M B = 0: D x ( 200) - (3 kN)(400) 

- (2 kN)(400) = 0 

D x = +10.00 kN 

D v = 10.00 kN — *■ 4 

eUEF x =0: B x + 10 kN - 4 kN = 0 

B x = -6 kN 

B v = 6.00 kN — ◄ 

+ )ZFy=0: By + 2 kN - 3 kN = 0 

By =+lkN 

B v =1.000 kNf ◄ 
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PROBLEM 6.108 

For the frame and loading shown, determine the reactions at A, B, D, 
and E. Assume that the surface at each support is frictionless. 
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P U— 3 m— | 
B 


PROBLEM 6.109 

1.8 m The axis of the three-hinge arch ABC is a parabola 

with the vertex at B. Knowing that P — 112 kN 
14 m and g= 140 kN, determine (a) the components of 

8 in ► 

the reaction at A, ( b ) the components of the force 
exerted at B on segment AB. 

6 m «-) 
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PROBLEM 6.109 (Continued) 


( b ) Force exerted at B on AB . 

From Eq. (4): B x = (3.75 x 1 12 + 3 x 140)/4.2 = 200 kN 

From Eq. (5): B y =(-9xll2 + 9.6xl40)/33.6 = +10kN 


B v = 200 kN — ◄ 
B v = 10.00 kN ◄ 
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P U-3m— | 

tirT 

PROBLEM 6.110 

B 

c 

l.8m The axis of the three-hinge arch ABC is a parabola 


- — ■ 

with the vertex at B. Knowing that P — 140 kN and 



I 4 m <2 — 112 kN, determine (a) the components of the 



reaction at A, ( b ) the components of the force exerted 

1 


at B on segment AB. 

p 8 m ► 

6 m 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


904 





PROBLEM 6.110 (Continued) 


( b ) Force exerted at B on AB . 

From Eq. (4): B x = (3.75 x 140 + 3x 1 12)/4.2 = 205 kN 

From Eq. (5): B y =(-9x140 + 9.6x1 12)/33.6 = -5.5 kN 


B v - 205 kN -* — A 
B v =5.50 kN | ◄ 
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PROBLEM 6.114 

Members ABC and CDE are pin-connected at C and supported by the 
four links AF, BG, DG, and EH. For the loading shown, determine 
the force in each link. 
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-* 2 a ► 


P 


B ' 

1 


a 



2 a 


PROBLEM 6.116 

Solve Problem 6.1 14 assuming that the force P is replaced by a clockwise 
couple of moment M 0 applied at the same point. 

PROBLEM 6.114 Members ABC and CDE are pin-connected at C and 
supported by the four links AF, BG, DG, and EH. For the loading shown, 
determine the force in each link. 


H 
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PROBLEM 6.117 


Four beams, each of length 3 a, are held together by single nails at A, B, C, and D. Each beam is attached to a 
support located at a distance a from an end of the beam as shown. Assuming that only vertical forces are 
exerted at the connections, determine the vertical reactions at E, F, G, and H. 
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PROBLEM 6.118 


Four beams, each of length 2a, are nailed together at their midpoints to form the support system shown. 
Assuming that only vertical forces are exerted at the connections, determine the vertical reactions at A, D, E, 
and H. 


A 
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PROBLEM 6.119 


Each of the frames shown consists of two L-shaped members connected by two rigid links. For each frame, 
determine the reactions at the supports and indicate whether the frame is rigid. 



(a) (b) (c) 
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PROBLEM 6.119 (Continued) 


(c) Member FBDs: 



FBD I: ZF y =0: A-P = 0 

= 0: aF x — 2aA = 0 F, = 2F 

— 2^=0: F 2 -F 1= 0 F 2 = 2P 

FBD II: 0: 20(7-0^ =0 C = -^- = F 

— *F X = 0: F i -F 1 + B x =0 B x = P - P = 0 
\ZF x =0: B y + C = 0 B =-C = -P 


A = P* ◄ 

C= F j ◄ 

B = F ◄ 

Frame is rigid. 
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PROBLEM 6.120 


Each of the frames shown consists of two L-shaped members connected by two rigid links. For each frame, 
determine the reactions at the supports and indicate whether the frame is rigid. 



(a) ( b ) (c) 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


919 






PROBLEM 6.120 (Continued) 


(c) FBD whole: 


FBD right: 



p 

, 2-0- 

— V. - A- 

ia- 

6 


^ s„ 


IxlrTT* 

T ^ 

a- 2. 




-Ill- 



i 

II 


FBD I: (yZM A = 0: 

5 ciB v - 2 aP = 0 

B ,=fw 


6 

ii 

fa. 

H 

A, - P + — P = 0 

A = — P f 


i y 

y 5 

y 5 


FBD II: (l.M c = 0: 

a 5 a 

— B B =0 B = 

2 2 y 

5B B = 2P — *- 

y A 


FBD I: — -ZF r = 0: 

A + B x = 0 A x =— B x 

A x = 2P - 





A = 2.09 P ^ 16.70° ◄ 




B = 2.04P ^ 11.31° ◄ 




System is rigid. M 
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PROBLEM 6.122 

The shear shown is used to cut and trim electronic circuit board 
laminates. For the position shown, determine (a) the vertical component 
of the force exerted on the shearing blade at D, (b) the reaction at C. 


SOLUTION 


We note that BD is a two-force member. 

Free body: Member ABC : We have the components: 

P t = (400 N) sin 30° = 200 N -* — 
P v = (400 N) cos 30° = 346.41 N | 

(®BD ).v = 77 ^BD ” 

65 



(F ) -—F \ 

' r BD>y ^ r BD | 

+)lM c = 0: (F BD ) X (45) + (F BD ) y (30) - P t (45 + 300sin30°) 

-P (30 + 300 cos 30°) = 0 


65 H 


(45) + 


™F B 
65 B 


(30) = (200)(195) + (346.41)(289.8 1) 
45 F bd =139.39 xlO 3 


F bd = 3097.6 N 


(a) Vertical component of force exerted on shearing blade at D . 

(F BD ) y =^F BD = ^(3097.6 N) = 2859.3 N 
65 65 



(F bd ) v =2860N{4 
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PROBLEM 6.122 (Continued) 


( b ) Returning to FB diagram of member ABC, 

+.IF t =0: (F bd ) x -P x -C x = 0 

C x — ( F bd ) x — P x ~ Fbd ~ P-x 
65 

= — (3097.6) - 200 
65 

C x =+991.39 C x =991.39 N — 

+ )ZF y =0: (F BD ) y - P y -C y =0 

c v = (F BD ) y ~ P y = ~ F B d ~ Py = ^(3097.6) - 346.41 
65 65 

C v =+2512.9 N C y =2512.9) 

C = 2295 N C = 2700 N 7^68.5° ◄ 
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SOLUTION 

FBD Stamp I): 

| EF y = 0 : E - F bd cos 20° = 0, E — F BD cos 20° 

FBD ABC: 



Q 'EM A = 0: (0.2 m)(sin 30 °)(F BD cos 20°) + (0.2 m)(cos 30 °)(F BD sin 20°) 
- [(0.2 m) sin 30° + (0.4 m) cos 1 5°](250 N) = 0 

F BD = 793.64 N C 



and, from above, 


E — (793.64 N) cos 20° 


— EF x =0: A x - (793.64 N) sin 20° = 0 

= 271.44 N — 

fEF v = 0: Ay +(793.64 N) cos 20° -250 N = 0 

A v =495.78 Nj 


(a) 


E = 746 N ◄ 


so (b) A = 565 61.3° ◄ 
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PROBLEM 6.124 


The press shown is used to emboss a small seal at E. Knowing 
that the vertical component of the force exerted on the seal must 
be 900 N, determine (a) the required vertical force P, (b) the 
corresponding reaction at A. 
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PROBLEM 6.125 

Water pressure in the supply system exerts a downward force of 135 N on 
the vertical plug at A. Determine the tension in the fusible link DE and the 
force exerted on member BCE at B. 
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PROBLEM 6.126 

An 84-lb force is applied to the toggle vise at C. Knowing that 9 = 90°, 
determine (a) the vertical force exerted on the block at D, (b) the force 
exerted on member ABC at B. 
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PROBLEM 6.127 

Solve Problem 6.126 when 0- 0. 

PROBLEM 6.126 An 84-lb force is applied to the toggle vise at C. Knowing 
that 6- 90°, determine (a) the vertical force exerted on the block at D, (b) the 
force exerted on member ABC at B. 
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D 1200 N 

A 



400 mm 


PROBLEM 6.129 

The Whitworth mechanism shown is used to produce a quick-return motion 
of Point D. The block at B is pinned to the crank AB and is free to slide in a 
slot cut in member CD. Determine the couple M that must be applied to the 
crank AB to hold the mechanism in equilibrium when (a) a - 0, (b) a - 30°. 
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PROBLEM 6.129 (Continued) 


Free body: Crank AB : 



+)lM A =0: M -(5sin65.87 o )(0.1m) = 0 

M = (1708.2 N)(0.1 m)sin 65.87° 

M = 155.90 N m M =155.9 N-m') ◄ 
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D 1200 N 



PROBLEM 6.130 

Solve Problem 6.129 when ( a ) a — 60°, ( b ) a — 90°. 

PROBLEM 6.129 The Whitworth mechanism shown is used to produce a 
quick-return motion of Point D. The block at B is pinned to the crank AB and is 
free to slide in a slot cut in member CD. Determine the couple M that must be 
applied to the crank AB to hold the mechanism in equilibrium when (a) a — 0, 
(b) a = 30°. 
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PROBLEM 6.131 


A couple M of magnitude 1.5 kN • m is applied to the crank of the engine system shown. For each of the two 
positions shown, determine the force P required to hold the system in equilibrium. 



(a) (b) 
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PROBLEM 6.135 

Rod CD is attached to the collar D and passes through a collar welded 
to end B of lever AB. Neglecting the effect of friction, determine the 
couple M required to hold the system in equilibrium when 0 - 30°. 


SOLUTION 

FBD DC: 

/ Z/y = 0: D y sin 30° - (150 N) cos 30° = 0 

D y = (150 N) ctn 30° = 259.8 1 N 

FBD machine: 

C ZM a = 0: (0. 100 m)(150 N) + d( 259.8 1 N) - M = 0 

d-b- 0.040 m 

, 0.030718 m 

tan 30 

so b- 0.053210 m 

d = 0.0132100 m 
M =18.4321 N-m 




M = 18.43 N-m.J) M 
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PROBLEM 6.136 

Rod CD is attached to the collar D and passes through a 
collar welded to end B of lever AB. Neglecting the effect of 
friction, determine the couple M required to hold the system 
in equilibrium when 0 = 30°. 
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14 in. 


PROBLEM 6.137 

Two rods are connected by a frictionless collar B. Knowing that the magnitude 
of the couple M, t is 500 lb • in., determine (a) the couple M c required for 
equilibrium, ( b ) the corresponding components of the reaction at C. 
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150 mm 



h H 200 mm 

150 mm 


PROBLEM 6.139 

Two hydraulic cylinders control the position 
of the robotic arm ABC. Knowing that in the 
position shown the cylinders are parallel, 
determine the force exerted by each cylinder 
when P = 160N and <2 = 80N. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


945 





PROBLEM 6.140 


Two hydraulic cylinders control the position of the robotic arm ABC. In the position shown, the cylinders are 
parallel and both are in tension. Knowing the F AE = 600 N and F DG = 50 N, determine the forces P and Q applied 
at C to arm ABC. 


150 mm 




200 mm ■ 


150 mm 
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SOLUTION 

Free body: Toggle : 

By symmetry, 

AG is a two-force member. 



i 








J? 



22.5 kN _ A x 
22 mm 55 mm 
A x = 56.25 kN 


+ fEF y = 0: 22.5 kN - F y =0 

F y = +22.5 kN 

+)IM F = 0 : D ( 75 mm) - (22.5 kN)(100 mm) - (56.25 kN)(160 mm) = 0 

D = +150kN D = 150.0 kN - — A 

J^XF t =0: 56.25 kN - 150 kN + F t = 0 

F x = 93.75 kN 


F = 96.4 kN^f 13.50° ◄ 
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1300 N 


12 mm- 


36 mm 


l 

— 120 mm *- 

^ 


n - 

5TT 


1« — 96 mm - 
I 300 N 



• 


D 


42 mm 


_L 


f 

6 mm 


30 mm 


PROBLEM 6.145 

Determine the magnitude of the gripping forces produced 
when two 300-N forces are applied as shown. 
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PROBLEM 6.146 

The compound-lever pruning shears shown can be adjusted 
by placing pin A at various ratchet positions on blade ACE. 
Knowing that 300-lb vertical forces are required to complete 
the pruning of a small branch, determine the magnitude P of 
the forces that must be applied to the handles when the shears 
are adjusted as shown. 
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1.2 in. 


Q C 

60 lb 1 

PROBLEM 6.147 


A 

y.o in. 

—A 

The pliers shown are used to grip a 0. 3-in. -diameter rod. 





Knowing that two 60-lb forces are applied to the handles, 
determine (a) the magnitude of the forces exerted on the rod, 
( b ) the force exerted by the pin at A on portion AB of the 
pliers. 

X 



“T 
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7 


96 mm 


24 mm 


460 mm 


300 N 


PROBLEM 6.148 

In using the bolt cutter shown, a worker applies two 300-N 
forces to the handles. Determine the magnitude of the forces 
exerted by the cutter on the bolt. 


SOLUTION 


FBD cutter AB: FBD handle BC: 



FBD I: — - YjF x = 0: B x = 0 FBD II: ( ['EM c = 0: (12 mm )B y - (448 mm)300 N = 0 

B y =11, 200.0 N 

Then FBD I: (j-M A = 0: (96 mm)fi y - (24 mm)F = 0 F = AB y 

F = 44 , 800 N = 44.8 kN ◄ 
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c 



PROBLEM 6.149 

The specialized plumbing wrench shown is used in confined areas (e.g., under a 
basin or sink). It consists essentially of a jaw BC pinned at B to a long rod. 
Knowing that the forces exerted on the nut are equivalent to a clockwise (when 
viewed from above) couple of magnitude 135 lb ■ in., determine (a) the magnitude 
of the force exerted by pin B on jaw BC, (b) the couple M 0 that is applied to the 
wrench. 
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PROBLEM 6.150 

Determine the force P that must be applied to the toggle CDE to maintain 
bracket ABC in the position shown. 


SOLUTION 

We note that CD and DE are two-force members. 
Free body: Joint D : 

(Fro), (Wv 


Similarly, 


It follows that 


(Fcn)y ~ 5(F cd ) 


CD ' x 


30 150 

(F DE )y = 5(F DE ) x 
+ t EF r=0: (F DE ) y =(F CD ) y 
(F de ) x = (F cd ) x 

±~ZF X = 0: F — (F de ) x - (F cd ) x = 0 

(f de ) x = (f cd ) x - -P 



Dimensions in mm 


Also, 

Free body: Member ABC : 
. ft 

‘k. 


(F DE ) y =(F CD ) y = 5 -P = 2.5 P 


ft 5 0 


JL 


71 


3 "cc 


Vl 


-5 h- I5D- 


r- IS0^\C 

V/ON 




+)IM A =0: (2.5P)(300) + ^pj(450)-(910N)(150) = 0 
(750 + 225)P = (910 N)(l 50) 


P = 140.0 N ◄ 
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PROBLEM 6.153 

The telescoping arm ABC is used to provide an elevated platform for 
construction workers. The workers and the platform together have a 
mass of 200 kg and have a combined center of gravity located 
directly above C. For the position when 9 = 20°, determine (a) the 
force exerted at B by the single hydraulic cylinder BD, ( b ) the force 
exerted on the supporting carriage at A. 
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PROBLEM 6.154 

The telescoping arm ABC can be lowered until end C is close 
to the ground, so that workers can easily board the platform. 
For the position when 6= — 20°, determine (a) the force exerted 
at B by the single hydraulic cylinder BD, ( b ) the force exerted 
on the supporting carriage at A. 
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PROBLEM 6.155 

The bucket of the front-end loader shown carries a 3200-lb 
load. The motion of the bucket is controlled by two 
identical mechanisms, only one of which is shown. 
Knowing that the mechanism shown supports one-half 
of the 3200-lb load, determine the force exerted (a) by 
cylinder CD, ( b ) by cylinder FH. 
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20 in. 28 in. 



PROBLEM 6.156 

The motion of the bucket of the front-end loader shown is 
controlled by two arms and a linkage that are pin-connected 
at D. The arms are located symmetrically with respect to 
the central, vertical, and longitudinal plane of the loader; 
one arm AFJ and its control cylinder EF are shown. The 
single linkage GHDB and its control cylinder BC are located 
in the plane of symmetry. For the position and loading 
shown, determine the force exerted (a) by cylinder BC, 
( b ) by cylinder EF. 


SOLUTION 

Free body: Bucket 


+)IMj = 0: (4500 lb)(20 in.) - F CH (22 in.) = 0 


F ch =4091 lb 


Free body: Arm BDH 


+)IM d = 0: -(4091 lb)(24 in.) - F BC ( 20 in.) = 0 


F bc = -4909 lb 


Free body: Entire mechanism 
(Two arms and cylinders AFJE) 



Note : Two arms thus 2 F, 


EF 


tan P 


I X in. 


ysootb 

f 

0, 


- 



22i» 


20m. 

D L 

XVin. 

1 

? — : 


•1c 


F bc =4.91 kips C< 


65 in. 

P = 15.48° 

+)TM a = 0: (4500 lb)(123 in.) + F BC (12 in.) + 2F ef cos /?(24 in.) = 0 

(4500 lb)(123 in.) - (4909 lb)(12 in.) + 2 F ef cos 15.48°(24 in.) = 0 

F ef = -10.690 lb F ef = 10.69 kips C ◄ 
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PROBLEM 6.157 

The motion of the backhoe bucket shown is 
controlled by the hydraulic cylinders AD, CG, and 
EF. As a result of an attempt to dislodge a portion 
of a slab, a 2-kip force P is exerted on the bucket 
teeth at J. Knowing that 9 — 45°, determine the 
force exerted by each cylinder. 
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PROBLEM 6.158 

Solve Problem 6.157 assuming that the 2-kip force P 
acts horizontally to the right ( 6- 0). 

PROBLEM 6.157 The motion of the backhoe bucket 
shown is controlled by the hydraulic cylinders AD, 
CG, and EF. As a result of an attempt to dislodge a 
portion of a slab, a 2-kip force P is exerted on the 
bucket teeth at J. Knowing that 6 = 45°, determine the 
force exerted by each cylinder. 
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PROBLEM 6.159 

In the planetary gear system shown, the radius of the central gear A is a — 18 mm, 
the radius of each planetary gear is b, and the radius of the outer gear E is (a + 2b). 
A clockwise couple of magnitude M A - ION- m is applied to the central gear 
A and a counterclockwise couple of magnitude Ms = 50 N • m is applied to the 
spider BCD. If the system is to be in equilibrium, determine (a) the required 
radius b of the planetary gears, (b) the magnitude M E of the couple that must 
be applied to the outer gear E. 
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PROBLEM 6.160 

The gears D and G are rigidly attached to shafts that 
are held by frictionless bearings. If r D = 90 mm and 
yq — 30 mm, determine (a) the couple Mo that must 
be applied for equilibrium, (b) the reactions at A and B. 
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PROBLEM 6.161* 

Two shafts AC and CF, which lie in the vertical xy plane, are connected by a universal joint at C. The bearings 
at B and D do not exert any axial force. A couple of magnitude 500 lb ■ in. (clockwise when viewed from the 
positive x-axis) is applied to shaft CF at F. At a time when the arm of the crosspiece attached to shaft CF is 
horizontal, determine (a) the magnitude of the couple that must be applied to shaft AC at A to maintain 
equilibrium, ( b ) the reactions at B, D, and E. (Hint: The sum of the couples exerted on the crosspiece must be 
zero.) 
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PROBLEM 6.162* 

Solve Problem 6.161 assuming that the arm of the crosspiece attached to shaft CF is vertical. 

PROBLEM 6.161 Two shafts AC and CF, which lie in the vertical xy plane, are connected by a universal 
joint at C. The bearings at B and D do not exert any axial force. A couple of magnitude 500 lb • in. (clockwise 
when viewed from the positive x-axis) is applied to shaft CF at F. At a time when the arm of the crosspiece 
attached to shaft CF is horizontal, determine (a) the magnitude of the couple that must be applied to shaft AC 
at A to maintain equilibrium, (b) the reactions at B, D, and E. (Flint: The sum of the couples exerted on the 
crosspiece must be zero.) 
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PROBLEM 6.162* (Continued) 


Equate to zero coefficients of unit vectors: 

i': M a -433 lb-in. = 0 
j': — 250 lb ■ in. - (5 in.)5_ = 0 
k: B y = 0 

Reactions at B . 

£F = 0: B-C = 0 
-(50 lb)k - C = 0 
Return to free body of shaft DF . 

= 0: (6 in.)i x (E x \ + E y j + EX) - (4 in.)i x (-50 lb)k 
- (500 lb • in.)i + (500 lb • in.)i = 0 
(6 in^Eyk - (6 in.)£,j - (200 lb • in.) j = 0 

k: E y = 0 

j : -(6 in .)E Z - 200 lb • in. = 0 
IF = 0: C+ D + E = 0 

-(50 lb)k + D y j + D, k + E x i - (33.3 lb)k = 0 
i: E x = 0 

k: -50 lb -33.3 lb + D. =0 

D z = 83.3 lb 

Reactions are 


M A = 433 lb in. A 
B, = -50 lb 

B = -(50 lb)k 
C = -(50 lb)k 


E z = -33.3 lb 


B = -(50 lb)k ◄ 
D = (83.3 lb)k ◄ 
E = -(33.3 lb)k ◄ 
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PROBLEM 6.163* 

The large mechanical tongs shown are used to grab and lift a thick 7500-kg 
steel slab HJ. Knowing that slipping does not occur between the tong grips 
and the slab at H and J, determine the components of all forces acting on 
member EFH. (Hint: Consider the symmetry of the tongs to establish 
relationships between the components of the force acting at E on EFH and 
the components of the force acting at D on DGJ.) 


SOLUTION 


Free body: Pin A : T =W — mg — (7500 kg)(9.81 m/s°) = 73.575 kN 

ZF* = 0: (F ab ) x = (F ac ) x 

*F y = 0: (F AB ) y =(F AC ) y =Uv 

Also, (F AC ) x =2(F AC ) y =W 



Free body: Member CDF : 




W(03) + -W( 2.3) - F v (1.8) - F y (0.5 m) = 0 


or 


1.8F t +0.5F y =1.45W 


( 1 ) 
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PROBLEM 6.163* (Continued) 


or 


!/•; = 0: D x —F x — W -0 
E-F=W 


+ 


tZF=0: F-D+-W = 0 

y y y 2 


or 


Free body: Member EFH : 


or 


or 


Subtract Eq. (2) from Eq. (5): 
Subtract Eq. (4) from 3 x (1): 
Add Eq. (7) to 2.3 x Eq. (6): 


E y -F y =-W 


= 0: F x (1.8) + F v (E5)-//^(2.3) + |w(1.8m) = 0 

1 .8 F x + L 5F y = 2.3/7 r - 0.9W 
+.ZF v =0: E x + F x - H x = 0 

E x +F x= H x 

2F X - H x - W 
3.6F X = 5.25W - 2.3H X 
8.2 F x = 2.95 W 
F = 0.35976W 


Substitute from Eq. (8) into Eq. (1): 


(1.8)(0.35976WO + 0.5F, =E45W 


0.5 F. = 1.45W -0.64756W = 0.80244W 


/r = i .6049W 


Substitute from Eq. (8) into Eq. (2): E x - 0.35976VF = W\ E x = 1 35916W 

Substitute from Eq. (9) into Eq. (3): E y *-1.6049 W - E y = 2.1049VF 


From Eq. (5): 
Recall that 


H=E+F r =1.35976VE + 0.35976VE = 1.71952VF 


Hy = 2 W 


(2) 

( 3 ) 

( 4 ) 

( 5 ) 

(6) 

( 7 ) 

( 8 ) 
( 9 ) 
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PROBLEM 6.163* (Continued) 


Since all expressions obtained are positive, all forces are directed as shown on the free-body diagrams. 
Substitute W = 73.575 kN 

E x = 100.0 kN — *- E„=154.9kNf4 

F t = 26.5 kN — ► F y =118.1 kN J A 

Hj = 126.5 kN -* — H y = 36.8 kN J A 
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A B 



PROBLEM 6.164 

Using the method of joints, determine the force in each member of the 
truss shown. State whether each member is in tension or compression. 
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1.6 kips 

1.6 kips 1 1.6 kips 


PROBLEM 6.166 

1.6 kips 



1.6 kips 

A Howe scissors roof truss is loaded as shown. Determine 
the force in members OF, DG, and EG. 

0.8 kip 

i A 

y 



In 

0.8 kip 1 6 j-j. 
] 


: ‘ == G 


i ' 

^^j4.Sft 


A^ C 





1 ‘8ft' 





■ 



8 ft 

‘ 8 ft ' 

8 ft 

8 ft 

8 ft ' 
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20 lb 



PROBLEM 6.168 

Rod CD is fitted with a collar at D that can be moved along rod AB, which 
is bent in the shape of an arc of circle. For the position when 0 = 30°, 
determine (a) the force in rod CD, ( b ) the reaction at B. 


SOLUTION 

FBD: 

/) 

D 


B v =20 lb j 
F cd = 80.0 lb T ◄ 

so B = 72.1 lb T 7 16.10° ◄ 


(a) ( k IM c =0 : (15 in.)(20 lb - B y ) = 0 

\l.F y =0: -20 lb + F CD sin30°- 20 lb = 0 

(b) — EF v =0: (80 lb) cos 30° - B x = 0 

B t =69.282 lb — 
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PROBLEM 6.169 

For the frame and loading shown, determine the components of all forces acting 
on member ABC. 
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PROBLEM 6.170 

Knowing that each pulley has a radius of 250 mm, 
determine the components of the reactions at D and E. 


SOLUTION 

Free body: Entire assembly : 



+)1M e =0: (4.8kN)(4.25m)-D JC (1.5m) = 0 

D x = +13.60 kN 

_±*EF v =0: E x + 13.60 kN = 0 

E x = -13.60 kN 

+ |XF v = 0: D y + E y - 4.8kN = 0 
Free body: Member ACE : 


Tr*f.6kN 


4 . JL 




\Zj> 


& kfj 


From Eq. (1): 


-2.2Sm— 

+)1M A =0: (4.8 kN)(2.25 m) + £ J (4m) = 0 

E y = -2.70 kN 
D„ - 2.70 kN - 4.80 kN = 0 


D, =+7.50kN 


D t = 13.60 kN — *• ◄ 

E x = 13.60 kN — ◄ 
( 1 ) 


E v = 2.70 kN , ◄ 
D v =7.50kN|4 
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PROBLEM 6.173 


The control rod CE passes through a horizontal hole in the body 
of the toggle system shown. Knowing that link BD is 250 mm 
long, determine the force Q required to hold the system in 
equilibrium when / 3 = 20°. 
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B 

J c PROBLEM 6. FI 

fa s 


t > D 

l For the frame and loading shown, draw the free-body diagram(s) 

200 N n 

needed to determine the forces acting on member ABC at B and C. 

120 mm 120 mm 120 mm 
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T 

150 


300 


150 



C 

900 N 


PROBLEM 6.F2 

For the frame and loading shown, draw the free-body diagram(s) needed to 
determine all forces acting on member GBEH. 


SOLUTION 


We note that AG, DEF, and DH are two-force members. 


Free body: ABC 



Note: Sum moments about A to determine B v . 


Free body: DEF 


X) T> 


1 O . 2»ys ^ 



r > 

X 

LLH 





3 4Nk F. 




Note: Sum moments about E to determine F DH 

(which becomes zero). 

Sum forces in y to determine E v 
(which also becomes zero). 


Free body: GBEH 



Note: With B v , E v , and F DH previously 

determined, apply three equilibrium 
equations to determine three remaining 
forces on GBEH. 
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481b 



PROBLEM 6.F3 

For the frame and loading shown, draw the free -body diagram(s) needed to 
determine the reactions at B and F. 


SOLUTION 

We note that BC is two-force member. 
Free body: ACF 
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PROBLEM 6.F7 

Since the brace shown must remain in position even when the magnitude of P is very 
small, a single safety spring is attached at D and E. The spring DE has a constant of 
50 lb/in. and an unstretched length of 7 in. Knowing that l - 10 in. and that the 
magnitude of P is 800 lb, draw the free-body diagram(s) needed to determine the 
force Q required to release the brace. 


SOLUTION 

Free body: ABC 




Note: Sum moments about C to relate Q to A. 


Spring force . 

Unstretched length: 1 0 = 7 in. 

Stretched length: l = 10 in. 

k = 50 lb/in. 

F = kx = k(£ - ( 0 ) 

= 50(10-7) = 150 lb 


Note: Sum moments about B to determine A; use relation from 

free body ABC to determine Q. 
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CHAPTER 7 
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SOLUTION 


From Problem 6.78: D t = 900 lb — - 

D v = 750 lb | 

FBD of JD: 



M =+1650 lb ft M = 1650 lb ft 

+\ EF = 0: -V + (750 lb)cos 20.56° - (900 lb) sin 20.56° = 0 

V = +386.2 lb V =386 lb ^69.4° ◄ 

+/ EF = 0: F - (750 lb) sin 20.56° + (900 lb) cos 20.56° = 0 

F= +1106. lib F = 1 106 lb 20.6° A 
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PROBLEM 7.3 

Determine the internal forces at Point J when a— 90°. 
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PROBLEM 7.4 

Determine the internal forces at Point J when a- 0. 


SOLUTION 

Reactions (a- 0) 



FBD BJ: 



Alternate 


+)ZM a = 0: (780 N)(0.720 m) + B y (0.3 m) = 0 


=-1872 N 


B v = 1872 N 


+ 


XF y = 0 : A 


12 

13 


-1872 N = 0 


=0: (2028 N)| — 


B r = -1560 N 


A = 2028 N / 

+ 780 N + B x - 0 

B, = 1560 N 


/ZF = 0: 1728 N + 600 N - F = 0 

F = +2328 N F = 2330 N 67.4° ◄ 
n^ZF = 0: 720 N - 1440 N + V = 0 

V = +720 N V = 720 N 22.6° ◄ 


BJ = V480 2 + 200 2 = 520 mm 

+)IMj = 0: (1440 N)(0.520 m) - (720 N)(0.520 m) - M = 0 

M =+374.4 N-m M = 374N-m > )^ 

Computation of M using B v + B : 

+)IMj = 0: (1560 N)(0.48 m) - (1872 N)(0.2 m) - M = 0 

M =+374.4 N-m M = 374N-m > )^ 
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. 120 mm 



PROBLEM 7.6 

Knowing that the turnbuckle has been tightened until the tension in wire AD 
is 850 N, determine the internal forces at point indicated: 

Point K. 


SOLUTION 

Free body AK : 



AD = Vl60 2 +300 2 
= 340 mm 


On portion KB A : 


.ZF= 0: -v + f— 1(850 N) = 0 


+ ZF, =0: F 


+)1LM j =0: M- 


V340 


300 


V = +400 N 


(850 N) = 0 

340, 


F =+750 N 


— 1(850 N)(120 mm) - 


V = 400 N — A 


F = 750 N ◄ 


,340 
M =+170 N-m 

Internal forces acting on KCD are equal and opposite 


|(850 N)(200 mm) = 0 


M = 170.0 N-m^) 
F = 750 N {, V = 400 N — M = 170.0 N-mJ) ◄ 
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■* 6 in. *- 

-*-3 in.-*~ 

-3 in* 

6 in. - 

-*-3 

PROBLEM 7.7 




E 

D 

=H»F 

Two members, each consisting of a straight and a quarter- 





a 

$)) — r 




J 

/ 

/ 

r f o* 

f 3 in. 

/ 1 

circular portion of rod, are connected as shown and 
support a 75-lb load at A. Determine the internal forces 
at Point J. 

A 

r. 

. 1 

— 



K t 

3 in. 
1 

K 

B 

I— T 




r 75 lb 
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PROBLEM 7.8 

Two members, each consisting of a straight and a quarter- 
circular portion of rod, are connected as shown and 
support a 75 -lb load at A. Determine the internal forces at 
Point K. 
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280 N 



PROBLEM 7.11 

A semicircular rod is loaded as shown. Determine the internal 
forces at Point J knowing that 6 — 30°. 
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280 N 



PROBLEM 7.12 

A semicircular rod is loaded as shown. Determine the magnitude 
and location of the maximum bending moment in the rod. 
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PROBLEM 7.12 (Continued) 



Free body: BJ (For 9 > 90°) 

+)IMj =0: M - (280 N)(0. 1 6 m)(l - cos 0) = 0 
M = (44.8 N • m)(l - cos </>) 

Largest value occurs for (p = 90°, that is, at C, and is 

M c = 44.8 N • m < 

We conclude that 

M max = 45.2 N • m for 9 = 82.9° ◄ 
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PROBLEM 7.13 

The axis of the curved member AB is a parabola with vertex at A. If a vertical 
load P of magnitude 450 lb is applied at A, determine the internal forces at J 
when h - 12 in., L — 40 in., and a — 24 in. 
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PROBLEM 7.13 (Continued) 


+\ 1.F = 0: F -(450 lb) sin 19.8° - (1500 lb)cosl9.8° = 0 

F = +1563.8 lb F = 1564 lb 2^19.8° ◄ 

V" ZF = 0: -V - (450 lb)cosl9.8° + (1500 lb) sin 19.8° = 0 

V = +84.71 lb V = 84.7 lb 7^70.2° ◄ 
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p 


PROBLEM 7.14 


Knowing that the axis of the curved member AB is a parabola with vertex 
at A, determine the magnitude and location of the maximum bending 
moment. 
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PROBLEM 7.15 

Knowing that the radius of each pulley is 200 mm and neglecting 
friction, determine the internal forces at Point J of the frame shown. 


SOLUTION 




FBD Frame with pulley and cord: 


(jZM A = 0: (1.8 m)B x - (2.6 m)(360 N) 
- (0.2 m)(360 N) = 0 

B v =560N -*■ 


FBD BE: 

Note: Cord forces have been moved to pulley hub as per Problem 6.91. 

(JM e =0: (1.4m)(360N) + (1.8m)(560N) 

- (2.4m)fi v = 0 

B v = 630N | 


FBD BJ: 



\I/y = 0: F + 360 N - — (630 N - 360 N) 
(560N) = 0 


F = 250N^v36.9° ◄ 


'lF y '= 0: V + |(630N-360N)-|(560N) = 0 


V = 120.0N^l53.1 o ◄ 


( JLMj =0: M + (0.6 m)(360 N) + (1 .2 m)(560 N) 
- (1 .6 m)(630 N) = 0 


M = 120.0N-m > )^ 
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PROBLEM 7.16 (Continued) 


A 360 rv 

|3fc0rJ 

UMM 

n 

\ S 4 

770 rt' 

U 

!*■ 1 *' -»i 


< /M 


Free body: AK 


^F x = 0: 

920 N - 360 N - F = 0 



F = +560 N 

F = 560 N -* — 4 

+| ZF y = 0: 

360 N - 270 N - V = 0 



V = +90.0 N 

V = 90.0 N | ◄ 

+)l :M k =0: 

(270 N)(l .6 m) - (360 N)(l m) 

o 

ii 

i 


M =+72.0 N-m 

M = 72.0N-m ) < 
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PROBLEM 7.17 

A 5-in. -diameter pipe is supported every 9 ft by a small frame 
consisting of two members as shown. Knowing that the combined 
weight of the pipe and its contents is 10 lb/ft and neglecting the 
effect of friction, determine the magnitude and location of the 
maximum bending moment in member AC. 
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PROBLEM 7.18 


For the frame of Problem 7.17, determine the magnitude and location 
of the maximum bending moment in member BC. 

PROBLEM 7.17 A 5 -in. -diameter pipe is supported every 9 ft by a 
small frame consisting of two members as shown. Knowing that the 
combined weight of the pipe and its contents is 10 lb/ft and neglecting 
the effect of friction, determine the magnitude and location of the 
maximum bending moment in member AC. 
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PROBLEM 7.20 

Knowing that the radius of each pulley is 150 mm, that a - 30°, 
and neglecting friction, determine the internal forces at (a) Point /, 
(b) Point K. 


SOLUTION 


Tension in cable = 500 N. Replace cable tension by forces at pins A and B. Radius does not enter 
computations: (cf. Problem 6.90) 


(a) Free body: AJ : 


I Soon 


J 


Sooh 


0.^*1 


-tf* 


-±*EF r = 0: 500 N - F = 0 

F = 500 N 

+(zF y =0: V-500N = 0 

V = 500 N 

+)1Mj = 0: (500 N)(0.6 m) = 0 

M = 300 N • m 


F = 500 N - — A 

V = 500 N | ◄ 
M = 300N- m> )4 


( b ) FBD: Portion ARK : 



= 0: 500 N - 500 N + (500 N) sin 30° - V 

= 0: - 500 N - (500 N) cos 30° + F = 0 

= 0: (500 N)(l .2 m) - (500 N) sin 30°(0.9 m)-M =0 


+)*m k 


Y = 250 N - — -4 
F = 933Nf ◄ 
M = 375 N • m ) ◄ 
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PROBLEM 7.21 


A force P is applied to a bent rod that is supported by a roller and a pin and bracket. For each of the three 
cases shown, determine the internal forces at Point J. 
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PROBLEM 7.21 (Continued) 



-ZF = 0: -P-V= 0 
7 


fEF = 0: F = 0 

1 v 14 

= 0 : 0 


2 P 

V= — — ◄ 
7 

F = i^ ◄ 

14 1 

M = |aF > )^ 


(c) FBD Rod: 

|£ 

g a 1 a. 

ffZ /P 


k £ ’ 


CSM A = 0: -[ — ]-oP = 0 

2 v 5 J 


4 5P 

-2F = 0: A t = 0 

a 5 2 


i 7 5P 

TEF = 0: A -p--— =0 
1 } y 5 2 


D = — 
2 


A,. = 2F 


A,-” 
y 2 


FBD AJ: 



-ZF = 0: 2P-V = 0 


+ 5F 

}ZF = 0: F = 0 

1 y 2 

ClM y =0: a(2P)-M=0 


V = 2P 


F = — « 

2 1 

M = 2aP J) ◄ 
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PROBLEM 7.22 


A force P is applied to a bent rod that is supported by a roller and a pin and bracket. For each of the three 
cases shown, determine the internal forces at Point J. 


til .ii- »H J 



“f 


C D 


SOLUTION 

(a) FBD Rod: 

P . 


c d Hy- 


a. 

a L £ 


Q I 'M d — 0 : aP — 2aA — 0 


A- — 
2 


-ZF= 0: V = 0 

2 


V = - ► ◄ 

2 


FBD AJ: 

t £ 

A 

<a. 


tlF v =0: 


( k IMj= 0 : M-ci^ = 0 


F-0 ■« 


2 ' 


(&) FBD Rod: 

& Jj==^ 
/I ecu 


‘f|N^ 


p f h 


"4 ^ 

7 

(jM D =0-. aP-- 

—A 


,5 J 


A = — 
2 ' 
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PROBLEM 7.22 (Continued) 


FBD AJ: 


3 5 P 

■LF= 0: -- V = 0 

* 5 2 


Y = — -* — ^ 
2 


V II j- 


nT'i 


L 4 5 P 

}2;F=0: F = 0 

1 - v 5 2 


F = 2P,4 




(c) FBD Rod: 




/ f 3 i f 4 i 

\IM D = 0: aP-2a —A -2a -A =0 

V 5 y V 5 , 


f\ ZOl ' 
(fK A 


35 p) 

-LF= 0: V =0 

v 5 14 J 


A- — 

14 


V = ^« 
14 


i 4 5F 

[ZF =0: F = 0 

1 v 5 14 


F = — « 
7 1 


/ 3 5P] 

( EM, = 0: M -a =0 

V 7 5 14 


M = — aP^ ◄ 
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PROBLEM 7.23 

A quarter-circular rod of weight W and uniform cross section is supported as shown. 
Determine the bending moment at Point J when 6 = 30°. 
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PROBLEM 7.25 


For the rod of Problem 7.23, determine the magnitude and location of the maximum 
bending moment. 

PROBLEM 7.23 A quarter-circular rod of weight W and uniform cross section is 
supported as shown. Determine the bending moment at Point J when 6 = 30°. 
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PROBLEM 7.26 


For the rod of Problem 7.24, determine the magnitude and location of the maximum 
bending moment. 

PROBLEM 7.24 A quarter-circular rod of weight W and uniform cross section is 
supported as shown. Determine the bending moment at Point / when 0- 30°. 
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PROBLEM 7.26 (Continued) 


so 


or 


Solving numerically 
and 


2 Wr 

M = (sin6 , + ^cos^-sin^) 

n 

M = — Wr9 cos 9 

K 

^—-—Wr{cos9 - 9sm9) = Q at#tan# = l 
did n 

9 = 0.8603 rad 


(Since M - 0 at both limits, this is the maximum) 


M = 0.357 Wr) ◄ 
at 9 = 49.3° ◄ 
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PROBLEM 7.27 

A half section of pipe rests on a frictionless horizontal surface as shown. If the 
half section of pipe has a mass of 9 kg and a diameter of 300 mm, determine the 
bending moment at Point / when 0 — 90°. 


SOLUTION 



For half section 

m = 9 kg 

A 

y <9-?o 


W = mg = (9)(9.81) = 88.29 N y 

- 

Portion JC: 




l 



Weight = —W = 44.145 N 



2 

> — r=/so *»■ < — 

From Fig. 5.8B: 

_2 r _ 2(150) 
k n 

x = 95.49 mm 

*49. 


+)IMj =0: (44.145 N)(0. 15 m)- (44.145 N)(0.09549 m)-M =0 


M =+2.406 N-m M = 2.41N-mJ)4 
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PROBLEM 7.28 

A half section of pipe rests on a frictionless horizontal surface as shown. If the 
half section of pipe has a mass of 9 kg and a diameter of 300 mm, determine 
the bending moment at point J when 0— 90°. 
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w 



PROBLEM 7.29 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the maximum absolute values of the shear and 
bending moment. 
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PROBLEM 7.30 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the maximum absolute values of the shear and 
bending moment. 
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PROBLEM 7.31 (Continued) 


Just to the left of D: 

+|ZF V =0: V 4 -| = 0 

+)EM 4 = 0: -M 4 -j( 0) = 0 


M 4 =0 < 




(h) 


IVImax=2miMl max = J PL/9 ◄ 
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A 

l 

P 


L 

2 



L 

2 



PROBLEM 7.32 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the maximum absolute values of the shear and 
bending moment. 
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PROBLEM 7.33 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the maximum absolute values of the shear and 
bending moment. 
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PROBLEM 7.34 

For the beam and loading shown, ( a ) draw the shear and bending- 
moment diagrams, ( b ) determine the maximum absolute values of the 
shear and bending moment. 
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30 kN 20 kN 



1 m — - • * T * ~l 

0.5 m 0.5 m 0.5 m 

15 kN 


PROBLEM 7.35 

For the beam and loading shown, (a) draw the shear and bending- 
moment diagrams, ( b ) determine the maximum absolute values of the 
shear and bending moment. 
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40 kN 32 kN 

| | 

16 kN 

PROBLEM 7.36 


4 

For the beam and loading shown, (a) draw the shear and bending- 

moment diagrams, (b) determine the maximum absolute values of the 
shear and bending moment. 

it 

0.6 m 0.9 m 

==^ 

-1.5 m — |— 0.2 m 
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PROBLEM 7.36 (Continued) 


Just to the right of E \ 

to 

W 137.5 A. /V 


At B: 


+t T.F y = 0: V 4 + 37.5 = 0 
+)ZM 4 =0: -M 4 + (37.5)(0.2) = 0 

V b =M b =0 




V 4 = -37.5 kN < 
M 4 = +7.50 kN • m < 
< 

!7U=50.5kN ◄ 


\M\ max = 39.8 kN • m ◄ 
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6 kips 12 kips 4.5 

1 l l 

PROBLEM 7.37 

c \ 


1 r \ 

For the beam and loading shown, (a) draw the shear and bending-moment 

a j— 

o' 

r l) 


B diagrams, (b) determine the maximum absolute values of the shear and 

A 


O&ta 

bending moment. 

1 2 ft ' 

‘ 2 ft ' 

2 ft 2 ft 
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PROBLEM 7.37 (Continued) 



+)i:F v =0: V 4 - 4.5 = 0 
+)IM 4 = 0: -M 4 -( 4.5)2 = 0 


At 5: 




V 4= +4.5 kips < 
M 4 = -9 kip • ft < 

< 



l^lmax = 11 -50kips ◄ 


IMI nux = 14.00 kip -ft ◄ 
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120 lb 300 lb 120 lb 


r C D ' 

. J 



• 0^0 


25 in. 20 in. 15 in. 


PROBLEM 7.38 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the maximum absolute values of the shear and 
bending moment. 


SOLUTION 

Free body: Entire beam 


1201b 


3001b 


1201b 



+)IM C = 0: (120 lb)(10 in.) - (300 lb)(25 in.) + £(45 in.) - (120 lb)(60 in.) = 0 

E = +300 lb E = 300 lbf < 

*Fx = 0: C x = 0 

+t XF V = 0: C y + 300 lb - 120 lb - 300 lb - 120 lb = 0 

C v = +240 lb C = 2401b| <1 


(a) Shear and bending moment 
Just to the right of A : 

l!o V> 

A l|t 


iiT 

-i 

Just to the right of C : 


hj £E V = 0: — 1 20 lb — =0 


V, =-120 lb, M, = 0 <1 


|20)b| M 

A^fT 

. iri-' 


Just to the right of D : 





+| ZF y = 0: 240 lb -120 lb -V 2 =0 
+)ZM C = 0: M 2 + (120 lb)(10 in.) = 0 

+| £E V = 0: 240 - 120 - 300 - V 3 = 0 
+)TM 3 =0: M 3 + (120)(35) - (240)(25) = 0, 


V 2 =+120 lb < 


M 2 = -1200 lb in. < 


V 3 =-180 lb < 


M 3 =+1800 lb in. < 
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60 kN 


25 kN/m 


JE 


C' r D • 





J 





1 m 


-2 m 




PROBLEM 7.39 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, (b) determine the maximum absolute values of the shear and 
bending moment. 


SOLUTION 

Free body: Entire beam 



S 

II 

o 

B( 5 m) - (60 kN)(2 m) - (50 kN)(4 m) = 0 




B = +64.0 kN 

B = 64.0 kN f <1 


M 

II 

o 

o 

ii 



+| ZF y = 0: 

A y + 64.0 kN - 6.0 kN - 50 kN = 0 




Ay = +46.0 kN 

A = 46.0kN| < 

Shear and bending- 

-moment diagrams. 


From A to C: 



k 

hum' 

V 

+| 'LFy = 0: 46 - V = 0 
+)IM y = 0: M- 46jc = 0 

V = +46 kN < 
M = (46x)kN • m <] 

From C to D: 



k-2m— »|6°^ 
knf— x — HV 

+| lLF y = 0: 46 - 60 - V = 0 
+)I \Mj =0: M - 46.r + 60(x - 2) = 0 

V = -14 kN < 



M = (120 - 14x)kN • m 


For 


x = 2m: M c =+92.0kN-m 

< 

For 


x = 3m: M d =+78.0 kN • m 

< 
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From D to B: 


PROBLEM 7.39 (Continued) 


h|zF v =0: V + 64-25// = 0 
V = (25 // - 64)kN 


I— 


+)IMj= 0: 64// -(25//) E -M =0 

2 , 


M = (64//-12.5// 2 )kN-m 


jU-0: V B = -64 kN 


=0 < 


IVI = 64.0 kN ◄ 



tA (kfJ-m) 



PnRflSoLfl 


\M\ = 92.0 kN • m ◄ 


c 5 5 ~x 
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24 kN 


8 kN/m 


D 


-3 m » | < 3 m > | < 3 m 


PROBLEM 7.40 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the maximum absolute values of the shear and 
bending moment. 


SOLUTION 

Free body: Entire beam 


-24 


{ 24 ksi 
if . S v.u/vv> 




TT 


< » p * ~ X 


1 


e. 

E> 




+)l M b = 0: (24 kN)(9 m) - C( 6 m) + (24 kN)(4.5 m) = 0 
+| ZF V = 0: 54 - 24 - 24 + B = 0 

B = -6 kN 


From A to C: 


24 k«4 


t 

k- *^Ty 


From C to D: 


24 Wl 
A 


8 (*- 


*#) 


' - ■ 

. J 

- 3t*\ . 

‘ 2 1 
54k<4 1 

< X >1 


+} XF V = 0: -24-V = 0 
+)1M X = 0: (24)(x) + M = 0 

+(ZF y =0: - 24 - 8(x - 3) - V + 54 = 0 

V = (-8x + 54)kN 
^ x - 3 ^ 


C = 54 kN | 

B = 6kN| 

V = -24 kN 
M = (-24x)kN • m 


+) IM 2 = 0 : (24)(jc) + 8(x - 3) 


- (54)(jc — 3) + Af = 0 


V ^ J 


M = (-Ax 2 + 54x - 198)kN • m 


From D to B: 


rt [ 


M V 


- V* 


ll 


(o kM 


+| ZF y =0: V-6 = 0 
+)IM 3 = 0: - M - (6)(9- x) = 0 


V = +6 kN 
M = (6x - 54)kN • m 
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PROBLEM 7.40 (Continued) 


(b) 


IVIma X =30.0kN ◄ 




\M\ imx = 72.0 kN • m ◄ 
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PROBLEM 7.41 





.a: 

C D 

diagrams, (o) determine tne maximum absolute values or tne snear and bending 
| moment. 

*2 ft 1 
8 ki 

ps 81 

dps 


SOLUTION 

(a) By symmetry: 

A y -B- 8 kips + ^-(4 kips)(5 ft) A v = B = 18 kips { 

Along AC: 



\lLF y = 0: 1 8 kips -V = 0 V = 18kips 

= 0: M - x(18 kips) M=(18kips)x 
M = 36 kip • ft at C(x = 2 ft) 


Along CD: 


A *1 

t_XUJ 



1 s 

'F ki pi 


M 


| EF V = 0 : 18 kips - 8 kips - (4 kips/ft)x, - V - 0 

V - 10 kips - (4 kips/ft )X[ 

V - 0 at x, = 2.5 ft (at center) 



K =0: M + -^-(4 kips/ft )x x + (8kips)x 1 -(2ft + x 1 )(18kips) = 0 


M =36 kip • ft + (10 kips/ft )x, - (2 kips/ft )x, 2 
M = 48.5 kip • ft at Xj = 2.5 ft 

Complete diagram by symmetry 

( b ) From diagrams: ^max ~ 18-00 kips A 

|Ml max =48.5 kip -ft ◄ 
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2.5 kips/ft 

PROBLEM 7.42 

- C 

A 1 B 

/\ otco 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the maximum absolute values of the shear and 
bending moment. 

' r 

12 kips 
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PROBLEM 7.43 (Continued) 


For x-a: 
For x-2 a: 


V r — — wa 
c 4 


V n =H — wa 
D 2 




1 

8 


wa 2 <1 


M d = 0 < 




Because of the symmetry of the loading, we can deduce the values of V and 
M for the right-hand half of the beam from the values obtained for its 
left-hand half. 


(b) 


I VI -—wa A 


To find \M\ ram , we differentiate Eq. (1) and set = 0: 

dM 3 . 4 

= — vvx — wa = 0, x-—a 

dx 4 3 


„ 3 ( 4 
M = —w —a 

8 l 3 


2 1 4 11 wa- 

-wa = 

3 2 J 6 


IMI max=7 W « 2 < 
6 

Bending-moment diagram consists of four distinct arcs of parabola. 
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PROBLEM 7.44 

Solve Problem 7.43 knowing that P — 3 wa. 

PROBLEM 7.43 Assuming the upward reaction of the ground on beam AB 
to be uniformly distributed and knowing that P - wa, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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3 kN 3 kN 



1.5 m 


PROBLEM 7.45 

Assuming the upward reaction of the ground on beam AB to be uniformly 
distributed and knowing that a — 0.3 m, (a) draw the shear and bending- 
moment diagrams, ( b ) determine the maximum absolute values of the shear 
and bending moment. 


SOLUTION 

(a) FBD Beam: 


Along AC: 


SB 


<4.0 *W/W- T V 


■!> 


M 

-v 



}ZF V = 0: w(l .5m)- 2(3.0 kN) = 0 

w = 4.0 kN/m 

fZ/y, =0: (4.0 kN/m)x - V = 0 

V = (4.0 kN/m)x 

( x YMj = 0: M - 1(4.0 kN/m)x = 0 
M = (2.0 kN/m)x 2 

fZF v = 0: (4.0 kN/m)x - 3.0 kN - V = 0 

V = (4.0 kN/m)x- 3.0 kN 


(j.M K = 0: M+(x-0.3m)(3.0kN)-|(4.0kN/m)x = 0 


3 


3 WM 


3 

m < 

* 


' .3* 

G 


G 

i_l 

r 





] 


6W) 


M = 0.9kN •m-(3.0kN)x+(2.0kN/m)x 2 
Note: V — 0 at x = 0.75 m, where M = -0.225 kN • m 
Complete diagrams using symmetry. 


t.zoo 


hfcoo 


-t.%oo 


- t.Zoo 


o.«8oo o.'&oo 





(b) 


IVI^ = 1.800 kN ◄ 
\M\ = 0.225 kN-m ◄ 
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PROBLEM 7.46 

Solve Problem 7.45 knowing that a = 0.5 m. 

PROBLEM 7.45 Assuming the upward reaction of the ground on beam AB 
to be uniformly distributed and knowing that a — 0.3 m, (a) draw the shear 
and bending-moment diagrams, (Z?) determine the maximum absolute values 
of the shear and bending moment. 
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3 kips/ft 

PROBLEM 7.47 

C' 




distributed, (a) draw the shear and bending-moment diagrams, (b) determine 



the maximum absolute values of the shear and bending moment. 

r~o it-n 
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3 kips/ft 


3 kip s/ ft PROBLEM 7.48 






c 

D 




A_ 




Assuming the upward reaction of the ground on beam AB to be uniformly 
distributed, (a) draw the shear and bending-moment diagrams, (b) determine 
the maximum absolute values of the shear and bending moment. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1070 





PROBLEM 7.48 (Continued) 


For x — 9 ft : 



V D = 4.5 kips, M D = -6.75 kip • ft <] 

v b =m b = o < 

(b) IVU -4.50 kips ◄ 


Bending-moment diagram consists of three distinct arcs of parabola. 


M (t>f 

>.u) 

ft 

C 4 r> b 


\ I 1 ' /■* 

V 1 / 

- 13.50 



Since entire diagram is below the x axis: 


IMImax = 13.50 kip • ft ◄ 


M < 0 everywhere A 
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PROBLEM 7.49 

Draw the shear and bending-moment diagrams for the beam AB, and determine 
the maximum absolute values of the shear and bending moment. 
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PROBLEM 7.50 (Continued) 



(b) IVI max =800N4 


1 ) 



IMI max =180.0 Nm ◄ 
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PROBLEM 7.51 

Draw the shear and bending-moment diagrams for the beam AB, and 
determine the maximum absolute values of the shear and bending 
moment. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1075 





PROBLEM 7.51 (Continued) 


From A to F: 


i'o/b T 




’P 


7- -i V 


XF = 0: V = -50 lb 


1M X = 0: M = -50x 


From E to F: 


„ . 4 

860 ^ 
v — — J 


ft- 


From F to G: 


A 

A04> 



M 


From G to B: 


M ?\i 


i a 


\j 'k ^' y -So/t 


ZF V = 0: -50 + 140-F = 0 

V =+90 lb 

+)XM 2 = 0: (50 lb)jc - (140 lb)(x - 6) - 800 lb • in. + M = 0 

M = -40 + 90x 

XF V = 0: -50 + 140-100-V = 0 

V = -101b 

+)IM 3 =0: 50x - 140(x - 6) + 100(x - 16) - 800 + M =0 

M - 1560- 10a 

+| XF V = 0: F-50 = 0 

V =50 lb 

+)IM 4 = 0: — Af - (50)(32 - x) = 0 

M = -1600 + 50x 


-So/b 

M 




-£o& 


ytta ‘ ‘ :,A\ 

1/ r-rrr 

jC-/- ■ / ' i 

I +M 00 lb ■«. ^ 

f I3oo /&■/»■ 


m 


j 



Y 


-30 o)b-m. 


- /■& -M. 


1 Vl max -90.01b; IMI =1400 lb -in. ◄ 
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PROBLEM 7.53 

Two small channel sections DF and EH have been welded to 
the uniform beam AB of weight W - 3 kN to form the rigid 
structural member shown. This member is being lifted by 
two cables attached at D and E. Knowing that 6 — 30° and 
neglecting the weight of the channel sections, (a) draw the 
shear and bending-moment diagrams for beam AB, ( b ) 
determine the maximum absolute values of the shear and 
bending moment in the beam. 


SOLUTION 

FBD Beam + channels: 

(a) By symmetry: 


7;=r 2 =r 

flF v =0: 2T sin 60° - 3 kN = 0 


r = ^=kN 

V3 



71 =- kN 
2 



FBD Beam: 


M =(0.5 m)^= kN 
2y3 


= 0.433 kN-m 

With cable force replaced by equivalent force-couple system at F and G 
Shear Diagram: V is piecewise linear 

Uv 


dx 


- - -0.6 kN/m with 1 .5 kN 


discontinuities at F and H. 


V p _ = -(0.6 kN/m)(1.5 m) = 0.9 kN 


V increases by 1.5 kN to +0.6 kN at F + 

V c = 0.6 kN - (0.6 kN/m)(l m) = 0 
Finish by invoking symmetry 


1 

L* 


y 

£ v 

u 

LU 

8 

5 


Q 

0 

"TT 


'/P'1 -*«• /M Xr~ /Sfj) -> 
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PROBLEM 7.53 (Continued) 


Moment diagram: M is piecewise parabolic 

( dM , . . , T \ 

I — — decreasing with V J 

with discontinuities of .433 kN at F and H. 

M p _ =~(0.9kN)(1.5 m) 

= -0.675 kN • m 

M increases by 0.433 kN m to -0.242 kN • m at F* 

M c = -0.242kN-m + 3-(0.6kN)(l m) 
= 0.058 kN • m 

Finish by invoking symmetry 
(b) 


■ 9 



IVU=900N ◄ 

at F and G + 
IMI max = 675 N • m ◄ 
at F and G 
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PROBLEM 7.54 

Solve Problem 7.53 when 0 = 60°. 

PROBLEM 7.53 Two small channel sections DF and EH 
have been welded to the uniform beam AB of weight 
W — 3 kN to form the rigid structural member shown. This 
member is being lifted by two cables attached at D and E. 
Knowing that 0 = 30° and neglecting the weight of the 
channel sections, (a) draw the shear and bending-moment 
diagrams for beam AB, (b) determine the maximum absolute 
values of the shear and bending moment in the beam. 
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PROBLEM 7.55 



For the structural member of Problem 7.53, determine (a) the angle 
6*for which the maximum absolute value of the bending moment in 
beam AB is as small as possible, (b) the corresponding value of 
I M l max . (Hint: Draw the bending-moment diagram and then equate 
the absolute values of the largest positive and negative bending 
moments obtained.) 

PROBLEM 7.53 Two small channel sections DF and EH have 
been welded to the uniform beam AB of weight W — 3 kN to form 
the rigid structural member shown. This member is being lifted by 
two cables attached at D and E. Knowing that 0— 30° and neglecting 
the weight of the channel sections, (a) draw the shear and bending- 
moment diagrams for beam AB, (b) determine the maximum absolute 
values of the shear and bending moment in the beam. 


SOLUTION 

See solution of Problem 7.50 for reduction of loading or beam AB to the following: 


ISCjpn 15c 

r — l , 5 m — - — Z n» — -A 

}0H 

l a. if*— ‘6* J 

h)m p l 

1 1 1 li IU1 i 1 .1 J 1 M llJ-iJ 


40" r 6oo Mfm 


where 

[Equation (2)] 

The largest negative bending moment occurs Just to the left of F : 





+ )lM,= 0: M, +(900N)| L5m ) 


<10oN7 -1 

V 2 ) 


The largest positive bending moment occurs 
At G: 


M 0 = (750 N • m) tan 6 < 


Afj = -675 N • m < 


'5oorV 




+)lM 2 =0: M 2 -M q + (1500 N)(1.25 m -1 m) = 0 


M 2 =M 0 -375 N-m < 


Equating M 2 and -M x : 


M q - 375 = +675 

M 0 =1050 N-m 
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PROBLEM 7.56 


W | p to 





c ' 

'D E 







For the beam of Problem 7.43, determine (a) the ratio k — P/wa for which the 
maximum absolute value of the bending moment in the beam is as small as 
possible, (b) the corresponding value of IMI max . (See hint for Problem 7.55.) 





PROBLEM 7.43 Assuming the upward reaction of the ground on beam AB 
to be uniformly distributed and knowing that P - wa, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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PROBLEM 7.57 


3 kN 3 kN 



1.5 m 


For the beam of Problem 7.45, determine (a) the distance a for which the 
maximum absolute value of the bending moment in the beam is as small as 
possible, ( b ) the corresponding value of IMI max . (See hint for Problem 7.55.) 

PROBLEM 7.45 Assuming the upward reaction of the ground on beam AB 
to be uniformly distributed and knowing that a = 0.3 m, (a) draw the shear 
and bending-moment diagrams, (b) determine the maximum absolute values 
of the shear and bending moment. 


SOLUTION 

Force per unit length exerted by ground: 

6 kN . , 

w„ = 4 kN/m 

g 1.5 m 

The largest positive bending moment occurs Just to the left of C : 

a 


+)ZM 1 = 0: M l =(4a)^ 


The largest negative bending moment occurs 


r 

no. 


M x = 2a <\ 


3kd 


At the center line: 


jj3H 


3P ; 


+)IM 2 = 0: M 2 + 3(0.75-n)- 3(0.375) = 0 


Equating M, and -M 2 : 


2a 2 = 1.125 -3a 


a +1.5(3-0.5625=0 

(a) Solving the quadratic equation: a- 0.31066, 

( b ) Substituting: ITFf l max = M x — 2(0.3 1066) 2 


M 2 =-(1.125 -3a) < 

a = 0.31 1 m A 
\M\ = 193.0 N m ◄ 
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A 

B 






1 ^ H 


PROBLEM 7.59 

A uniform beam is to be picked up by crane cables attached at A and B. 
Determine the distance a from the ends of the beam to the points where 
the cables should be attached if the maximum absolute value of the 
bending moment in the beam is to be as small as possible. (Hint: Draw 
the bending-moment diagram in terms of a, L, and the weight w per 
unit length, and then equate the absolute values of the largest positive 
and negative bending moments obtained.) 
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PROBLEM 7.59 (Continued) 


We set 


\M a \ = \M c \: 


1 2 

— wa 



2 



— wIS wLa 

8 2 


1 2 1 ,2 1 , 

H — wa — — wL wLa 

2 8 2 


a 1 + La — 0.25 L~ = 0 


M 


a =—(L±\l i} + 1? ) = — (V2 — 1)L 
2 2 

max =^w(0.207L) 2 = 0.0214wL 2 


a = 0.201 L ◄ 
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k— 30 in.— —30 in.— I 
A I C' ' D 

f, „ 18 


PROBLEM 7.60 

Knowing that P — Q — 150 lb, determine (a) the distance a for which the 
maximum absolute value of the bending moment in beam AB is as small as 
possible, ( b ) the corresponding value of IMI max . (See hint for Problem 7.55.) 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1091 





P Q 



a 


PROBLEM 7.61 

Solve Problem 7.60 assuming that P = 300 lb and Q - 1 50 lb. 

PROBLEM 7.60 Knowing that P = Q - 150 lb, determine ( a ) the distance a 
for which the maximum absolute value of the bending moment in beam AB is 
as small as possible, (b) the corresponding value of IM l max . (See hint for 
Problem 7.55.) 
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PROBLEM 7.62* 


In order to reduce the bending moment in the cantilever beam 
AB, a cable and counterweight are permanently attached at end 
B. Determine the magnitude of the counterweight for which the 
maximum absolute value of the bending moment in the beam is 
as small as possible and the corresponding value of IMI max . 
Consider (a) the case when the distributed load is permanently 
applied to the beam, ( b ) the more general case when the 
distributed load may either be applied or removed. 
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PROBLEM 7.63 


Using the method of Section 7.6, solve Problem 7.29. 


PROBLEM 7.29 For the beam and loading shown, (a) draw the shear and 
bending-moment diagrams, (b) determine the maximum absolute values of 
the shear and bending moment. 
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PROBLEM 7.64 

Using the method of Section 7.6, solve Problem 7.30. 

PROBLEM 7.30 For the beam and loading shown, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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PROBLEM 7.65 

Using the method of Section 7.6, solve Problem 7.31. 

PROBLEM 7.31 For the beam and loading shown, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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P 

PROBLEM 7.66 



[ cl 

Using the method of Section 7.6, solve Problem 7.32. 

A 

1 1 

i 

i B 

L 

L 

PROBLEM 7.32 For the beam and loading shown, ( a ) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 

P 

2 

2 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1098 





PROBLEM 7.67 

Using the method of Section 7.6, solve Problem 7.33. 

PROBLEM 7.33 For the beam and loading shown, ( a ) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of the 
shear and bending moment. 
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PROBLEM 7.68 

Using the method of Section 7.6, solve Problem 7.34. 

PROBLEM 7.34 For the beam and loading shown, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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ekN 3kN PROBLEM 7.69 

3 kN-m 


1.2 kN-m 

GH 

'B 

r C D ^ N \ 

— For the beam and loading shown, (a) draw the shear and bending- 

1 r j 


moment diagrams, (b) determine the maximum absolute values of 



the shear and bending moment. 

-<-l m-*~ 

1 .5 m — 

2m *1 
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12 kN-m 

A 


(k- 


5 kN 5 kN 5 kN 

L 


J M'l U \ M' 

*» l V 


W|£ 





-J32 

■*-2 m-*~ 

-*-2 m-*> 

-*-2 m-*- 

-*-2 m-*- 


PROBLEM 7.70 

For the beam and loading shown, (a) draw the shear and bending- 
moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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60 

A C' 

kN PROBLEM 7.71 

1 25 kN/m 


I 

H 

Using the method of Section 7.6, solve Problem 7.39. 

B 

\-> — 2 ni — - 

I m 

PROBLEM 7.39 For the beam and loading shown, (a) draw the shear and 

< 0m ^ bending-moment diagrams, (b) determine the maximum absolute values of 

the shear and bending moment. 
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24 kN 


8 kN/m 


PROBLEM 7.72 



Using the method of Section 7.6, solve Problem 7.40. 

PROBLEM 7.40 For the beam and loading shown, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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PROBLEM 7.73 

Using the method of Section 7.6, solve Problem 7.41. 

PROBLEM 7.41 For the beam and loading shown, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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2.5 kips/ft 



PROBLEM 7.74 

Using the method of Section 7.6, solve Problem 7.42. 

PROBLEM 7.42 For the beam and loading shown, (a) draw the shear and 
bending-moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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16 kips 45 kips 

1 1 

skips PROBLEM 7.75 

b i 

A ■ 

cl 

d i 

! 

E For the beam and loading shown, (a) draw the shear and bending- 

-A- 


j ir 

moment diagrams, (b) determine the maximum absolute values of the 






shear and bending moment. 


1*3 ft* 

-* — 5 ft — *- 

l*-4 ft — *-1 

1*3 ft* 
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20 lb/in. 

125 lb 125 lb 

PROBLEM 7.76 

A 


_ 

B 

'c 

— ]p For the beam and loading shown, (a) draw the shear and bending- 



is: I 


- - moment diagrams, (h) determine the maximum absolute values of the 




L I o ; n _*J 

-19 

L_ 1 9 in -J 

shear and bending moment. 


' 9 in. 

iZi in. -►) 

lZi in. -►i 

r*- in. 
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15 kN/m 

PROBLEM 7.77 

45 kN-m 

c 

i 

( , For the beam and loading shown, (a) draw the shear and bending-moment 

\A 



B 

A diagrams, (b) determine the magnitude and location ol the maximum 



absolute value of the bending moment. 



1.5 m 
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2.5 kN/m 



PROBLEM 7.78 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the magnitude and location of the maximum 
absolute value of the bending moment. 


SOLUTION 


/ 3T-*. I \ZJAhU }( 3 .Sm ) - S. 
, , t 

i n emu mi 
ft L — —J*8 


+)lM A = 0: (8.75X1.75) - B( 2.5) = 0 


IF = 0 : 


Similar A’s 

x 2.5 -x 2.5 


2.625 3.625 6.25 

Add numerators 
and denominators/ 
jr = 1.05 m 




2 


. I J I (&.2S&H) L. 1 

; | 

‘'(\~Z.A2s-£h 

Z.£~»j => 

~ J 



M 

ft 


+ I. 37 S 4 A.-*, 




s 


Xyv^-* 


B = 6.125 kN j 
A = 2.625 kN{ 


( b ) 


1.378 kN-m, 1.050 m from A 4 
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25 kN/m 



4 m 


PROBLEM 7.79 

For the beam and loading shown, (a) draw the shear and bending- 
moment diagrams, ( b ) determine the magnitude and location of the 
maximum absolute value of the bending moment. 


SOLUTION 



Free body: Beam 

+)I \M a = 0: 5(4 m) - (100 kN)(2 m) - 20 kN • m = 0 

B = +55 kN <1 

*F X = 0: A x =0 
+| Y,F y =0: A v +55-100 = 0 



A y =+45 kN <1 

Shear diagram 

At A: V A =A y =+45kN 

To determine Point C where V = 0: 

V C ~ v a =~ wx 
0-45 kN = -(25 kN • m)x 

x — 1.8 m <1 





We compute all areas bending-moment 
Bending-moment diagram 
At A: ^ A =0 

At B: M B = - 20 kN • m 


Single arc of parabola 


\M l max = 40.5 kN - m ◄ 
1.800 m from A 4 
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25 kN/m 

PROBLEM 7.80 

1 

\* 4 m ►) 

20 kN • m Solve Problem 7.79 assuming that the 20-kN • m couple applied at B is 
counterclockwise . 

PROBLEM 7.79 For the beam and loading shown, (a) draw the shear 
and bending-moment diagrams, (b) determine the magnitude and 
location of the maximum absolute value of the bending moment. 


SOLUTION 



Free body: Beam 

+)IM a = 0: 5(4 m) - (100 kN)(2 m) - 20 kN • m = 0 

B = +45 kN <1 

ZF X = 0 : 4=0 
+|ZF y =0: A y +45-100 = 0 

A y =+55 kN <1 

Shear diagram 



At A: V A = A y =+55 kN 

To determine Point C where V = 0 : 

y c -v A =-wx 
0-55 kN = -(25 kN/m)x 


x — 2.20 m <1 


M (kN-nO 



We compute all areas bending-moment 
Bending-moment diagram 
At A: M A =0 

At B: M b = +20 kN • m 


Single arc of parabola 


\M l max = 60.5 kN • m ◄ 
2.20 m from A M 
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4 ldps/ft 



PROBLEM 7.81 

For the beam shown, draw the shear and bending-moment diagrams, and 
determine the magnitude and location of the maximum absolute value of 
the bending moment, knowing that (a) M =0, (b) M — 24 kip • ft. 
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2 kips/ft 


LI 


— 6 ft — 

O^O 


2 ft 


PROBLEM 7.82 

For the beam shown, draw the shear and bending-moment diagrams, and 
determine the magnitude and location of the maximum absolute value of 
the bending moment, knowing that (a) P-6 kips, (b) P-3 kips. 


SOLUTION 


Free body: Beam 


(IZkips) 


2 


A— l 

~X I 


rr i I i'i i I l l l 
I i 


-6ft- 


£ A 


ZF X = 0: A x =0 

+)IM A =0: C(6 ft) - (12 kips)(3 ft) - P ( 8 ft) = 0 


C — 6 kips + — P 


ZF= 0: A„ + 


6 + -P ~12-P = 0 
3 


A, = 6 kips — P 
3 


( 1 ) < 


( 2 ) < 


(a) P-6 kips. 

Load diagram 

Substituting for P in Eqs. (2) and (1): 

A v - 6 - ^ (6) = 4 kips 
C = 6 + ^(6) = 14 kips 

Shear diagram V A — A y = +4 kips 

To determine Point D where V = 0 : 

V D -V A =-wx 
0-4 kips = (2 kips/ft )x 


We compute all areas 

Bending-moment diagram 

At A: M ^ — 0 

Parabola from A to C 


1 


■ttd- 

C ' 

sEFT 


Qzifh'ps 


6ft- 


C-- /4-k,ps 
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PROBLEM 7.82 (Continued) 


( b ) P — 3 kips 

Load diagram 

Substituting for P in Eqs. (2) and (1): 

A = 6-^(3) = 5 kips 
C = 6 + -j(3) = 10 kips 

Shear diagram V A = A y = +5 kips 

To determine D where V - 0 : 


V D -V A =-wx 
0- (5 kips) = -(2 kips/ft )x 


We compute all areas 

Bending-moment diagram 

At A: M a =0 


Parabola from A to C. 


«r*Zkipi/it ? r 3 k ‘f« 
. m V*r i t — i l 


JUHlli 






— b ft ^ 

^~5 k>pi Q: 10 Wpj 



* = 2.5 ft <1 



IMI max =6.25 kip -ft ◄ 
2.50 ft from A A 
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300 Ib/ft 



PROBLEM 7.83 

(a) Draw the shear and bending-moment diagrams for beam AB, (b) determine 
the magnitude and location of the maximum absolute value of the bending 
moment. 


SOLUTION 


OKIIMi 




Reactions at supports 
Because of symmetry of load 

A - B - ^-(300x8 + 300) 

A = B = 1350 lb | <1 

Load diagram for AB 

The 300-lb force at D is replaced by an equivalent force -couple system at C. 



Shear diagram 

At A: V A - A - 1350 lb 

To determine Point E where V = 0 : 

V E -V A =-wx 
0-1350 lb = -(300 lb/ft) v 


MtlbAfc) 

3038 



H — 't.ja C 


We compute all areas 
Bending-moment diagram 
At A: M ^ — ° 

Note 600 — lb - ft drop at C due to couple 


x = 4.50 ft <1 


= 3040 lb -ft ◄ 
4.50 ft from A A 
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300 lb/ft 



PROBLEM 7.84 

Solve Problem 7.83 assuming that the 300-lb force applied at D is directed 
upward. 

PROBLEM 7.83 (a) Draw the shear and bending-moment diagrams for 
beam AB, (b) determine the magnitude and location of the maximum absolute 
value of the bending moment. 
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PROBLEM 7.85 


For the beam and loading shown, (a) write the equations of the shear and 
bending-moment curves, ( b ) determine the magnitude and location of the 
maximum bending moment. 
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w 0 

PROBLEM 7.86 

i — r 

-t'CTT 

rr 

B 

For the beam and loading shown, (a) write the equations of the shear 
— * and bending-moment curves, (b) determine the magnitude and location 
of the maximum bending moment. 


L 

ZSffi 

- 

jg 
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PROBLEM 7.87 (Continued) 


( b ) Maximum bending moment 


dM 

dx 


— V — 0 


Eq. (2): 


7.x - 3 Lx + L — 0 


Carrying into (3): 


Note: 


3-7^8 r L 

x = L = — 

4 2 


M 


max 


WpC 2 

72 ’ 


At 



\M\ 


max 


WqL 1 

IT 


At 


x = 0 


◄ 
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P ( 

) 

PROBLEM 7.89 

20 kN/m 


C 








1 r 1 

The beam AB is subjected to the uniformly distributed load shown and to two 

A | 

— 

— 

— 

C ’ 

' D 

E 

unknown forces P and Q. Knowing that it has been experimentally 




A. 


oooo 

determined that the bending moment is +800 N • m at D and +1300 N • m at E. 




J 




(a) determine P and Q, (b) draw the shear and bending-moment diagrams for 


0.3 m 

0.3 m 

0.3 m 

0.3 m 

the beam. 
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PROBLEM 7.89 (Continued) 



HfldrvvTfti TftfcteEtfT 
*T A 


Bending-moment diagram 
At A: M a =0 

IMI max - 1300 N • m < 

We check that 

M d =+ 800 N • m and M E = +1300 N • m 

As given: 

AtC: M c =- 900 N m ◄ 
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PROBLEM 7.90 


20 kN/m 



Solve Problem 7.89 assuming that the bending moment was found to 
be +650 N-m at D and +1450 N-m at E. 

PROBLEM 7.89 The beam AS is subjected to the uniformly distributed load 
shown and to two unknown forces P and Q. Knowing that it has been 
experimentally determined that the bending moment is +800 N-m at D and 
+ 1300 N m at E, (a) determine P and Q, (b) draw the shear and bending- 
moment diagrams for the beam. 
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PROBLEM 7.90 (Continued) 



■pftCOgoLfl WITH 
^OClloHTRL THHfrTHT 
fit ft. 


Bending-moment diagram 
At A: M a =0 

IMI max = 1450 N-m < 

We check that 

M D = +650 N • m and =+1450 N-m 

As given: 

AtC: M c = —900 N m ◄ 
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PROBLEM 7.91* 

The beam AB is subjected to the uniformly distributed load shown and to two 
unknown forces P and Q. Knowing that it has been experimentally 
determined that the bending moment is +6.10 kip ft at D and +5.50 kip ft 
at E, (a) determine P and Q, (b) draw the shear and bending-moment 
diagrams for the beam. 
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PROBLEM 7.91* (Continued) 


( b ) Load diagram 


Shear diagram 
At A: 


lAfOkip* DM0 kips 
' wTr0.25t«pM 



V A — A — +2.70 kips 


To determine Point G where V = 0, we write 


v g~ V c=- w M 

0-0.85 kips = -(0.25 kip/ft)// 


We next compute all areas 



fU = 3.40 ft ◄ 
IV l max = 2.70 kips at A ◄ 


Bending-moment diagram 
At A: M A — 0 

Largest value occurs at G with 

AG = 2 + 3.40 = 5.40 ft 


Bending-moment diagram consists of 3 distinct arcs of parabolas. 





IMI max = 6.345 kip -ft 4 
5.40 ft from A 4 
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PROBLEM 7.92* 


250 lb/ft 


- M ' 



T 

5 



• 

~OOi 

D 

E 

F 



— 4 ft — 


... 


2 ft 2 ft 


Solve Problem 7.91 assuming that the bending moment was found to 
be +5.96 kip ft at D and +6.84 kip ft at E. 

PROBLEM 7.91* The beam AB is subjected to the uniformly distributed 
load shown and to two unknown forces P and Q. Knowing that it has been 
experimentally determined that the bending moment is +6.10 kip ft at D 
and +5.50 kip ft at E. (a) determine P and Q, (b) draw the shear and bending- 
moment diagrams for the beam. 
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PROBLEM 7.92* (Continued) 


( b ) Load diagram 


O.SWkip 1.860 kips 
\vT-0.2‘shvlh\ 



2ft Hft HtW 


Shear diagram 

At A: V A — A = +2.26 kips 


To determine Point G where V = 0, we write 


V g ~ v c=-wM 

0- (1.22 kips) = -(0.25 kip/ft)// 


We next compute all areas 
Bending-moment diagram 
At A: M A — 0 

Largest value occurs at G with 


AG = 2 + 4.88 = 6.88 ft 



jj = 4.88 ft < 
IVI max = 3.14 kips at B ◄ 

M(kip.ft) 

6,997 

MZ 
A 

l^u =6.997 kip -ft ◄ 
6.88 ft from A A 



Bending-moment diagram consists of 3 distinct arcs of parabolas. 
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PROBLEM 7.93 

Three loads are suspended as shown from the cable ABCDE. 
Knowing that d c — 3 m, determine (a) the components of the 
reaction at E, (b) the maximum tension in the cable. 
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PROBLEM 7.94 

Knowing that the maximum tension in cable ABODE is 13 kN, 
determine the distance d c . 
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8 it-Ks ft— I— s PROBLEM 7.95 



If d c — 8 ft, determine ( a ) the reaction at A, (b) the reaction at E. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1136 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1137 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1138 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1139 






PROBLEM 7.99 

An oil pipeline is supported at 6-ft intervals by vertical hangers 
attached to the cable shown. Due to the combined weight of the 
pipe and its contents the tension in each hanger is 400 lb. 
Knowing that d c = 12 ft, determine (a) the maximum tension in 
the cable, ( b ) the distance d D . 
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PROBLEM 7.99 (Continued) 


(a) T =1229.27 lb, 


T = 1229 lb ◄ 


(^ZM D =0: (12 ft) 


2800 


lb 


- d D (800 lb) - (6 ft)(400 lb) = 0 


( b ) 


d D =11.00 ft ◄ 
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PROBLEM 7.100 

Solve Problem 7.99 assuming that d c — 9 ft. 

PROBLEM 7.99 An oil pipeline is supported at 6-ft intervals by 
vertical hangers attached to the cable shown. Due to the combined 
weight of the pipe and its contents the tension in each hanger is 
400 lb. Knowing that d c = 12 ft, determine (a) the maximum 
tension in the cable, ( b ) the distance d D . 
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( 0 m * 


PROBLEM 7.101 




Knowing that m B - 70 kg and ntc — 25 kg, determine the 



A L 

magnitude of the force P required to maintain equilibrium. 

5 m \ 


/ 1 


i A 





r / 

!e\ 


n 
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b 





PROBLEM 7.104 

Cable ABC supports two loads as shown. Determine the distances a 
and b when a horizontal force P of magnitude 200 lb is applied at A. 


SOLUTION 


Free body: ABC 



+)I :M a = 0: P( 12 ft) - (140 lb)a - (180 lb )b = 0 


( 1 ) 



Eq. (1): 200(21) - 140a - 1806 = 0 
Eq. (2) : 200(9) + 1 80a - 1 806 = 0 


+)IM B = 0: P(9 ft) - (1 80 lb)(& - a) = 0 


(3) -(4): 2400 - 320a = 0 
Eq. (2): (200 lb)(9 ft) — (1 80 lb)(& — 7.50 ft) = 0 


(2) 


( 3 ) 

( 4 ) 

a = 7.50 ft ◄ 
b = 17.50 ft ◄ 
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-4 in » » -4 m » I ■ * 4 in » I < 4 in- 


PROBLEM 7.105 



If a — 3 m, determine the magnitudes of P and Q required to 
maintain the cable in the shape shown. 


SOLUTION 

Free body: Portion DE 


+)IM d = 0 : E y (4 m) - E x (5 m) = 0 


Hon ^ 

=^nr*- 


Free body: Portion CDE 


E=-E x 
■ 4 







P Zx 


+)~LM C = 0: -£ I (8m)-£ [ (7m)-/’(2m) = 0 


E x =-P 

3 


Free body: Portion BCDE 


HOT) 

L H-on 

VV7 A 



£ l 

8 


/' 


•130-tN 

f 


P - ■=- P 
to + 


+)IM b = 0: ^(12 m) - £ r (5 m) - (120 kN)(4 m) = 0 


10£ -480 = 0; £ =48kN 


Eq.(l): 


48 kN --P 
3 


P = 72.0 kN ◄ 
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PROBLEM 7.106 (Continued) 


Free body: Entire cable 

I 

4 , 


+ ')ZM a = 0: 1^(16 m) - E x ( 2 m) + P(4 m) - Q ( 4 m) - (120 kN)(8 m) = 0 

(40 kN)(24 m - 2 m) + (80 kN)(4 m) - Q ( 4 m) - 960 kN • m = 0 

4 Q = 240 



Q = 60.0 kN ◄ 
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PROBLEM 7.107 

A transmission cable having a mass per unit length of 0.8 kg/m is strung between two insulators at the same 
elevation that are 75 m apart. Knowing that the sag of the cable is 2 m, determine (a) the maximum tension in 
the cable, ( b ) the length of the cable. 
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PROBLEM 7.108 

The total mass of cable ACB is 20 kg. Assuming that the mass of the 
cable is distributed uniformly along the horizontal, determine (a) the sag h, 
(b) the slope of the cable at A. 
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PROBLEM 7.109 


The center span of the Verrazano-Narrows Bridge consists of two uniform roadways suspended from four 
cables. The uniform load supported by each cable is w — 10.8 kips/ft along the horizontal. Knowing that the 
span L is 4260 ft and that the sag h is 390 ft, determine (a) the maximum tension in each cable, (b) the length 
of each cable. 
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PROBLEM7.110 

The center span of the Verrazano-Narrows Bridge consists of two uniform roadways suspended from four 
cables. The design of the bridge allows for the effect of extreme temperature changes that cause the sag of the 
center span to vary from h w — 386 ft in winter to h s = 394 ft in summer. Knowing that the span is L- 4260 ft, 
determine the change in length of the cables due to extreme temperature changes. 
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PROBLEM 7.1 11 

Each cable of the Golden Gate Bridge supports a load w — 11.1 kips/ft along the horizontal. Knowing that the 
span L is 4150 ft and that the sag h is 464 ft, determine (a) the maximum tension in each cable, (b) the length 
of each cable. 
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PROBLEM 7.112 

Two cables of the same gauge are attached to a transmission tower 
at B. Since the tower is slender, the horizontal component of the 
resultant of the forces exerted by the cables at B is to be zero. 
Knowing that the mass per unit length of the cables is 0.4 kg/m, 
determine (a) the required sag h, (b) the maximum tension in each 
cable. 
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PROBLEM 7.113 

A 50.5-m length of wire having a mass per unit length of 0.75 kg/m is used to span a horizontal distance of 
50 m. Determine (a) the approximate sag of the wire, (b) the maximum tension in the wire. [Hint: Use only 
the first two terms of Eq. (7.10).] 
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PROBLEM 7.114 

A cable of length L + A is suspended between two points that are at the same elevation and a distance L apart. 
(a) Assuming that A is small compared to L and that the cable is parabolic, determine the approximate sag in 
terms of L and A. ( b ) If L - 100 ft and A = 4 ft, determine the approximate sag. [Hint: Use only the first two 
terms of Eq. (7.10). 


SOLUTION 

Eq. 7.10 


(a) 


(b) 


(First two terms) 


Sd — Xn 


1 + * 

3 


^ y b 


x B — LI 2 
s B — — (L + A) 
>’« = h 


— (L + A) = — 
2 ' 2 




2 

, 2 

h ' 


1 + - 

— 


3 

L 



\ 2 ) 



A _4 lf_ 



L = 100 ft, h-A ft. 


b = (100)(4); 



◄ 


h — 12.25 ft ◄ 
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2.5 m 
1 


PROBLEM 7.115 

The total mass of cable AC is 25 kg. Assuming that the mass of the cable 
is distributed uniformly along the horizontal, determine the sag h and the 
slope of the cable at A and C. 
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1100 ft 



10.2 kips/ft 


PROBLEM 7.117 

Each cable of the side spans of the Golden Gate Bridge supports a 
load w — 10.2 kips/ft along the horizontal. Knowing that for the side 
spans the maximum vertical distance h from each cable to the chord 
AB is 30 ft and occurs at midspan, determine (a) the maximum 
tension in each cable, ( b ) the slope at B. 
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PROBLEM 7.119* 

A cable AB of span L and a simple beam A'B' of the same span are 
subjected to identical vertical loadings as shown. Show that the 
magnitude of the bending moment at a point C in the beam is equal to 
the product T 0 h, where Tq is the magnitude of the horizontal component 
of the tension force in the cable and h is the vertical distance between 
Point C and the chord joining the points of support A and B. 
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|-« — 4 m- 

— 

- — 4 m — - 

— — 4 m — - 

<— 4 m— 

PROBLEM 7.120 

aV 




V F 

Making use of the property established in Problem 7.119, 


] 

d B 



N 


d c 

^ 

solve the problem indicated by first solving the corresponding 




'r 

D 

beam problem. 


1 

2kN ' 

r 

r 

PROBLEM 7.94 Knowing that the maximum tension in 


r 4 kN 

cable ABCDE is 13 kN, determine the distance d c ■ 



3 kN 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1167 





2 m 

2 in 

L«_ o 


PROBLEM 7.121 

\ 


in " | - o 

B’ 

kj 

n 

10 kN 1 

D 

Making use of the property established in Problem 7.119, solve the problem 
4 m indicated by first solving the corresponding beam problem. 

E 1 

5 kN T 

5kNl 

i ki ini .r.ivi /.v/ (a) tsmowing mat a c = 5 m, determine tne distances a B 
and d D . 

' 
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PROBLEM 7.123 


Making use of the property established in Problem 7.119, 
solve the problem indicated by first solving the corresponding 
beam problem. 

PROBLEM 7.100 An oil pipeline is supported at 6-ft 
intervals by vertical hangers attached to the cable shown. 
Due to the combined weight of the pipe and its contents the 
tension in each hanger is 400 lb. Knowing that d c —9 ft, 
determine (b) the distance d D . 
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PROBLEM 7.124* 

Show that the curve assumed by a cable that carries a distributed load vv(jc) is defined by the differential 
equation d 2 yldx 2 — w(x)/T 0 , where T 0 is the tension at the lowest point. 
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PROBLEM 7.125* 

Using the property indicated in Problem 7.124, determine the curve assumed by a cable of span L and sag h 
carrying a distributed load w — wq cos ( nx/L ), where x is measured from mid-span. Also determine the 
maximum and minimum values of the tension in the cable. 

PROBLEM 7.124 Show that the curve assumed by a cable that carries a distributed load w(x) is defined by 
the differential equation d 2 y/dx 2 — w(x)/Tq, where To is the tension at the lowest point. 
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PROBLEM 7.126* 


2 

If the weight per unit length of the cable AB is wo/cos" 0. prove that the curve 
formed by the cable is a circular arc. (Hint: Use the property indicated in 
Problem 7.124.) 

PROBLEM 7.124 Show that the curve assumed by a cable that carries a 

2 2 

distributed load w(x) is defined by the differential equation dytdx — w(x)/Tq, 
where To is the tension at the lowest point. 
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PROBLEM 7.127 


A 20-m chain of mass 12 kg is suspended between two points at the same elevation. Knowing that the sag is 
8 m, determine (a) the distance between the supports, ( b ) the maximum tension in the chain. 
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PROBLEM 7.128 

A 600-ft-long aerial tramway cable having a weight per unit length of 3.0 lb/ft is suspended between two 
points at the same elevation. Knowing that the sag is 150 ft, find (a) the horizontal distance between the 
supports, (b) the maximum tension in the cable. 
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PROBLEM 7.129 

A 40-m cable is strung as shown between two buildings. The 
maximum tension is found to be 350 N, and the lowest point of 
the cable is observed to be 6 m above the ground. Determine 
(a) the horizontal distance between the buildings, ( b ) the total 
mass of the cable. 
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PROBLEM 7.130 

A 200-ft steel surveying tape weighs 4 lb. If the tape is stretched between two points at the same elevation and 
pulled until the tension at each end is 16 lb, determine the horizontal distance between the ends of the tape. 
Neglect the elongation of the tape due to the tension. 
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PROBLEM 7.134 


Determine the sag of a 30-ft chain that is attached to two points at the same elevation that are 20 ft apart. 
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PROBLEM 7.135 



A 10-ft rope is attached to two supports A and B as shown. Determine (a) the 
span of the rope for which the span is equal to the sag, ( b ) the corresponding 
angle 0 B . 
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PROBLEM 7.136 

A 90-m wire is suspended between two points at the same elevation that are 60 m apart. Knowing that the 
maximum tension is 300 N, determine (a) the sag of the wire, (b) the total mass of the wire. 
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PROBLEM 7.137 

A cable weighing 2 lb/ft is suspended between two points at the same elevation that are 160 ft apart. 
Determine the smallest allowable sag of the cable if the maximum tension is not to exceed 400 lb. 
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L *- 

PROBLEM 7.138 

A 


A uniform cord 50 in. long passes over a pulley at B and is attached to a 
pin support at A. Knowing that L — 20 in. and neglecting the effect of 
friction, determine the smaller of the two values of h for which the cord 
is in equilibrium. 


SOLUTION 


Length of overhang: 

Weight of overhang equals max. tension 

Eg. 7.15 : 



T m - T b - wb = w(50 in. - 2 s B ) 


Eg. 7.16 : 
Eg. 7.18 : 


s B = csinh — 

c 

y B = ccosh — 
c 


w 


T ,n = wy B 

vv(50 in. - 2 s B ) = wy B 


50 in. -2csinh — 1 = vvccosh-' 5 


Solve by trial and error: 
For c = 5.549 in. 


* B =10: 50-2csinh — = ccosh — 


c = 5.549 in. and c = 27.742 in. 


y B = (5.549 in.) cosh- 


10 in. 


■ = 17.277 in. 


5.549 in. 

y B -h + c; 17.277 in. — h + 5.549 in. 
h = 11.728 in. 


For c — 27.742 in. 


y B = (27.742 in.) cosh - 


10 in. 


■ = 29.564 in. 


27.742 in. 
y B =h + c; 29.564 in. = h + 27.742 in. 

h = 1.8219 in. 


h = 11.73 in. ◄ 


h — 1.822 in. ◄ 
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10 ill 


PROBLEM 7.139 



A motor M is used to slowly reel in the cable shown. Knowing that the 
mass per unit length of the cable is 0.4 kg/m, determine the maximum 
tension in the cable when li = 5m. 
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PROBLEM 7.140 



A motor M is used to slowly reel in the cable shown. Knowing that the 
mass per unit length of the cable is 0.4 kg/m, determine the maximum 
tension in the cable when /; = 3 m. 
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, 1° m * 

PROBLEM 7.141 


B 

The cable ACB has a mass per unit length of 0.45 kg/m. Knowing 
that the lowest point of the cable is located at a distance a — 0.6 m 
below the support A, determine ( a ) the location of the lowest 

1 

1.8 in 

► 

\a^ 

c 

t 



Point C, ( b ) the maximum tension in the cable. 


SOLUTION 

Note: 

or, 

Point A : 

Point B \ 

From (1): 

From (2): 

Add (3) + (4): 

Solve by trial and error: 
Eq. (2): 


x B - x A — 12 m 


-x A = 12 m- x B 


y A = ccosh 


~Xa 


c + 0.6 = ccosh 



y B -c cosh 


12 x R , 
— = cosh 


x K 


c 

f c + 0.6 


c + 2.4 = c cosh — 
c 


V 


X„ , _t f c + 2.4 

-5- = cosh 1 

C v c 

12 


c + 0.6 


= cosh 


c = 13.6214 m 


+ cosh 


if c + 2.4 


13.6214 + 2.4 = 13.6214cosh — 

c 


cosh = 1 . 1762; ^- = 0.58523 


(2) 

( 3 ) 

( 4 ) 


Eg. 7.18 : 


x B = 0.58523(13.6214 m) = 7.9717 m 

Point C is 7.97 m to left of B 4 

y B = c + 2.4 = 13.6214 + 2.4 = 16.0214 m 
T m = wy B = (0.45 kg/m)(9.81 m/s 2 )(16.0214 m) 

T m = 70.726 N T m = 70.7 N ◄ 
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PROBLEM 7.142 

The cable ACB has a mass per unit length of 0.45 kg/m. 
Knowing that the lowest point of the cable is located at a 
distance a — 2 m below the support A, determine (a) the 
location of the lowest Point C, ( b ) the maximum tension in 
the cable. 
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XT 



PROBLEM 7.143 

% 

\A 


A uniform cable weighing 3 lb/ft is held in the position shown by a 


\ v 

i 

> horizontal force P applied at B. Knowing that P — 1 80 lb and 0 A = 60°, 




determine (a) the location of Point B, ( b ) the length of the cable. 


-« a ►] 

i r 

— 
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a6 



PROBLEM 7.144 

\ 



A uniform cable weighing 3 lb/ft is held in the position shown by a 


^ U A 


horizontal force P applied at B. Knowing that P — 150 lb and 0 A — 60°, 


\. 

i 

’ determine (a) the location of Point B, (b) the length of the cable. 


a *\ 

j i' 
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PROBLEM 7.147* (Continued) 


Method of solution : 

For given value of 9, choose trial value of c and calculate: 

From Eq. (1): x A 

Using value of x A and c, calculate: 

From Eq. (2): x B 
From Eq. (3): y A and y B 

Substitute values obtained for x A , x B , y A , y B into Eq. (4) and calculate 6 

Choose new trial value of <9 and repeat above procedure until calculated value of 0 is equal to given value of 6. 
For 9 = 30° 

Result of trial and error procedure: 

c = 1.803 ft 
x A = 2.3745 ft 
x B = 3.6937 ft 
= 3.606 ft 
y B =7.109 ft 
a = y B - y A 
= 7.109 ft -3.606 ft 

= 3.503 ft a = 3.50 ft ◄ 
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PROBLEM 7.148* (Continued) 


In A ABD : tan 9 = — — — (4) 

x B +x A 

Method of solution : 

For given value of 0, choose trial value of c and calculate: 

From Eq. (1): x A 

Using value of x A and c, calculate: 

From Eq. (2): x B 
From Eq. (3 ):y A and y B 

Substitute values obtained for x A , x B , y A , yB into Eq. (4) and calculate 6 

Choose new trial value of 0 and repeat above procedure until calculated value of 6 is equal to given value of 6. 
For 0 = 45° 

Result of trial and error procedure: 

c = 1.8652 ft 
x A = 1.644 ft 
x B = 4.064 ft 
y A = 2.638 ft 
y B = 8.346 ft 

a = y B ~ y A 

= 8.346 ft -2.638 ft 

= 5.708 ft a = 5.71 ft ◄ 
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PROBLEM 7.149 

Denoting by 6 the angle formed by a uniform cable and the horizontal, show that at any point (a) s — c tan 0. 
( b ) y — c sec 6. 
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PROBLEM 7.150* 

(a) Determine the maximum allowable horizontal span for a uniform cable of weight per unit length w if the 
tension in the cable is not to exceed a given value T m . (b) Using the result of part a, determine the maximum 
span of a steel wire for which w — 0.25 lb/ft and T m — 8000 lb. 
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PROBLEM 7.150* (Continued) 


Eg. 7.18 : 


T m = W y B 
= 1.810wc 
T 


1.810 w 


Eg. (1) : 


x B — 1.200c = 1.200 


T T 

- ■ = 0.6630— 


1.810w 


w 


Span: 


L = 2x b = 2(0.6630) - JR - 


w 


(b) For w = 0.25 lb/ft and T = 8000 lb 


L = 1.326 


8000 lb 


0.25 lb/ft 
= 42,432 ft 


L = 1.326— ◄ 
w 


L = 8.04 miles 4 
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PROBLEM 7.152* 


Determine the sag-to-span ratio for which the maximum 
tension in the cable is equal to the total weight of the entire 
cable AB. 
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PROBLEM 7.153* 


A cable of weight per unit length w is suspended between 
two points at the same elevation that are a distance L apart. 
Determine (a) the sag-to-span ratio for which the maximum 
tension is as small as possible, ( b ) the corresponding values 
of Ob and T m . 
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400 N 


PROBLEM 7.154 

Determine the internal forces at Point J of the structure shown. 
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240 mm -»j PROBLEM 7.155 



Determine the internal forces at Point K of the structure shown. 
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60 kips 

i n i 

60 kips 

{r 1 

PROBLEM 7.158 

c' 

N 


1 e \ 

' F 

For the beam shown, determine (a) the magnitude P of the two upward 





n b 

forces for which the maximum absolute value of the bending moment in the 






beam is as small as possible, ( b ) the corresponding value of IMI max . 

2 ft 

2ft 

2 ft 

2 ft 

2 ft 



SOLUTION 

By symmetry: 

Along AC: 




A v = B - 60 kips - P 

(ZA/,=0: M - x(60 kips - P) = 0 
M = (60 kips - P)x 


f <l £ <f hies, 

T-*+ & 


60 k\p, p 

Along CD: 


M — 120 kips • ft - (2 ft)/ 5 at x = 2ft 



P- 


( x 1M k — 0 : M + (x— 2 ft)(60 kips) - x(60 kips - P) — 0 
M = 120 kip • ft - Px 
M — 120 kip • ft - (4 ft)/ 5 at x = 4ft 


/ZO -‘/P 


60 


f 


<5 % 


Cok ie> -P 


Along DE: 

=0: M - (x - 4 ft)/ 5 + (x - 2 ft)(60 kips) 

-x(60 kips - P) - 0 
M = 120 kip • ft - (4 ft)/ 5 (const) 

Complete diagram by symmetry 

For minimum IMI max ,set M max = ~M mm 

120 kip • ft - (2 ft)/ 5 = -[120 kip • ft - (4 ft)/ 5 ] 


=120 kip ft -(4 ft)/ 5 


2M | ih 


| L— 

6.0 Ktps,- P 



5 8 ! 


P = 40.0 kips A 
(&) IA/I max =40.0kip-ft A 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1211 







2 kN/m 




PROBLEM 7.159 




n 

n 

f 

n 

n 

n 


A 






- c For the beam and loading shown, (a) draw the shear and bending- 






B A moment diagrams, ( b ) determine the maximum absolute values of 



Q O 


4 kN j 


the shear and bending moment. 


n rn H 

0.8 ir 

1 


SOLUTION 


+)l.M A =0: (8)(2) + (4)(3.2) - 4C = 0 

C = 7.2 kN { 

ZF y = 0: A = 4.8 kN j 


' [ l 1 1 J f l 1 CD? 


(a) Shear diagram 




6= 1 


2 


m3 XMMl mu HHjjjjU . 




T 


C = 7.2 4m 


3.2m 


-*t— 0£»> -J 


Similar Triangles: 


Bending-moment diagram 



T 

Add num. & den. 



(b) 


2.2m | 0.8*1 


ll/| max =7.20kN ◄ 
IML„ = 5.76kN-m ◄ 
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2 kips 3 kips 4 kips 



PROBLEM 7.160 

For the beam and loading shown, (a) draw the shear and bending- 
moment diagrams, ( b ) determine the maximum absolute values of 
the shear and bending moment. 
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1500 lb/ft 


B 

A 1 


j 

[* — 4 ft — 4*- 



6000 lb 
6 ft *- 


PROBLEM 7.161 

For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, (b) determine the magnitude and location of the maximum absolute 
value of the bending moment. 


SOLUTION 

Free body: Entire beam 

+)1 M a = 0: (6 kips)(10 ft) - (9 kips)(7 ft) + 8(4 ft) = 0 

B = + 0.75 kips 
B = 0.75 kips | 

+|ZF v =0: A + 0.75 kips -9 kips + 6 kips = 0 
A = + 2.25 kips 
A = 2.25 kips } 

/. 6~ ■fiipilft: 

Bill 1 1 I'TTT 


I I I M -LJ 


p f TT 

L W &ft 


c 

Uty; 


ft 


?f b of- 

V(kfs) 

]/ /(+<?-kle.n) 7 / 


^ 6-fc‘PJ 


6 ft 


Ho- =zfi 

Uf 0,1 ik/ft 




-6-fbj/u 


a 


- - ^ 

r * (t 

4 tH 



M max =12.00 kip. ft ◄ 
6.00 ft from A 
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PROBLEM 7.162 

The beam AB, which lies on the ground, supports the parabolic 
load shown. Assuming the upward reaction of the ground to be 
uniformly distributed, (a) write the equations of the shear and 
bending-moment curves, ( b ) determine the maximum bending 
moment. 


L 


SOLUTION 

(a) 


tzF v =0: w g L-\ 


L 4Wn 7 

— (Lx — x 2 )dx = 0 
o If 


w a L = - 


4w ofl LL 2_I L 3 


L~ v 2 

2 W n 


= — WaL 

3 0 


w n =- 


. ^rTTTnrr 




aX-x. t t t i i r » .1 % fi 

r t i oT j 

x ** 1 

1 


Define 


<E = — so d<E = — — - net load w = 4 w n 
L L 



/ \ 2 

X | 

£] 

L ' 

UJ _ 


- — W n 


or 


w = 4w 0 

6 


V = 


WO) - J, 




4 w n L 




1 <- 1 <-2 1 e 3 


= 0 + 4w 0 L + 


M = M n + Vdx = 0 + - 


'^w 0 L 2 j^-3^ +2?)dt 


V=-w 0 L({- 3f + 2<f) ◄ 


^ a -£3+^r =^w 0 L 2 ( ^-2f +r> 


7-2/ e2 irf . ?4, 


(h) Max M occurs where 


V = 0 — *• 1 - 3£ + 2<f 2 = 0 — *- £ = — 


( t V 

1 r2 [l 

2 1 

4=- 

= ~ WnL ~ 

3 0 U 

I 

V 2y 

8 16 J 


w 0 T- 

48 


max = 


Wp^~ 

48 


at center of beam M 
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PROBLEM 7.163 

Two loads are suspended as shown from the cable ABCD. 
Knowing that d B =1.8 m, determine (a) the distance d c ,(b) the 
components of the reaction at D, (c) the maximum tension in the 
cable. 
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PROBLEM 7.164 

A wire having a mass per unit length of 0.65 kg/m is suspended from two supports at the same elevation that 
are 120 m apart. If the sag is 30 m, determine (a) the total length of the wire, ( b ) the maximum tension in 
the wire. 
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r- 

L 

— * PROBLEM 7.165 


f 

B 

A counterweight D is attached to a cable that passes over a small pulley at A 


c 

and is attached to a support at B. Knowing that L — 45 ft and h — 15 ft, 

#\ 

determine (a) the length of the cable from A to B, (b) the weight per unit 

L 1 

80 lb 


length of the cable. Neglect the weight of the cable from A to D. 
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CHAPTER 8 







SOLUTION 




Assume equilibrium: 




A£F V = o 

: F + (1200 N)sin 25° -(750 N)cos 25° = 0 

F =+172.6 N F = 172.6 N\ 

12.00 W 

A 


w' 

750 A/ 

+/ZFy= 0: 

N - (1200 N) cos 25° - (750 N) sin 25° =0 f 

Vv 

% 3- 


N = 1404.5 N 

tf 


Maximum friction force: 

F m = jU s N = 0.35(1404.5 N) = 491.6 N 



Since F < F m , 

block is in equilibrium M 

Friction force: 

F = 172.6 N^25.0° ◄ 
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1.2 kN 


H s = 0.35 
Mk = 0.25 


P 



PROBLEM 8.2 

Determine whether the block shown is in equilibrium and find the magnitude and 
direction of the friction force when 6- 30° and P— 150 N. 


SOLUTION 

Assume equilibrium : 

F + (1 200 N) sin 30° - (1 50 N) cos 30° = 0 
F = -470.1 N F = 470.1N\ 

N - (1 200 N) cos 30° - (1 50 N) sin 30° = 0 
N = 1114.2 N 

(a) Maximum friction force: F m = /u s N 

= 0.35(1114.2 N) 

= 390.0 N 

Since F is ' and F > F m , 

(b) Actual friction force: F = F k = jU k N - 0.25(1 1 14.2 N) = 279 N 


block moves down M 
F = 279 N ^30.0° ◄ 



^ZF t =0: 


+/IF V = 0: 
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SOLUTION 

Assume equilibrium : 

^ZF j= 0: F + (45 lb) sin 30° - (60 lb) cos 40° = 0 

F = +23.46 lb 

+/ T,F y = 0: N - (45 lb) cos 30° - (60 lb) sin 40° = 0 



(a) Maximum friction force: 


F m =M S N 

= 0.40(77.54 lb) 
= 31.02 lb 


N = 77.54 lb 


We check that F < F m . Thus, block is in equilibrium A 

(b) Thus F = +23.46 lb F = 23.5 lb 30.0° ◄ 

Note: We have F k = jl k N = 0.30(77.54) = 23.26 lb. Thus F > F k . If block originally in motion, it will keep 
moving with F k = 23.26 lb. 
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45 lb 


ju s = 0.40 
Mk = 0-30 


PROBLEM 8.5 

Determine the smallest value of P required to (a) start the block up the 
incline, ( b ) keep it moving up, (c) prevent it from moving down. 
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> 

PROBLEM 8.6 

'X 

Knowing that the coefficient of friction between the 25 -kg block and the 
incline is // s = 0.25, determine (a) the smallest value of P required to start the 

25 kg/ yX/- 

o 

block moving up the incline, ( b ) the corresponding value of [3. 

.X^AsO 0 
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„ PROBLEM 8.7 

B 


3o3 

80 lb 

' The 80-lb block is attached to link AB and rests on a moving belt. 



Knowing that jU s = 0.25 and //, = 0.20, determine the magnitude of 


A c 

the horizontal force P that should be applied to the belt to maintain its 

0 c 

i 0 < 

motion to the n^ht, (&) to the left. 
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PROBLEM 8.8 

The coefficients of friction between the block and the rail are /u s =0.30 and 
/u k = 0.25. Knowing that 0 = 65°, determine the smallest value of P required 
(a) to start the block moving up the rail, ( b ) to keep it from moving down. 


500 N 
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^= 0 - 25 PROBLEM 8.9 

f*k = 0-20 


W a 


Considering only values of 0 less than 90°, determine the smallest value of 0 
required to start the block moving to the right when (a) W — 75 lb, (b) W = 100 lb. 


30 lb 
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SOLUTION 


FBD block: 

(Impending motion down): 



(f \ = tan 1 /i s = tan 1 0.25 
P = (500 N) tan (30° - tan^ 1 0.25) 
= 143.03 N 


(Impending motion up): 


Si>c>A/ 




P = (500 N) tan (30° + tan -1 0.25) 
= 483.46 N 


Equilibrium is maintained for 


143.0 N < P < 483 N ◄ 
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PROBLEM 8.11 

The 20-lb block A and the 30-lb block B are supported by an incline 
that is held in the position shown. Knowing that the coefficient of static 
friction is 0.15 between the two blocks and zero between block B and 
the incline, determine the value of <9 for which motion is impending. 
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PROBLEM 8.12 

The 20-lb block A and the 30-lb block B are supported by an incline 
that is held in the position shown. Knowing that the coefficient of static 
friction is 0.15 between all surfaces of contact, determine the value of 
0 for which motion is impending. 
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PROBLEM 8.13 

The coefficients of friction are ju s = 0.40 and fi k = 0.30 between all 
surfaces of contact. Determine the smallest force P required to start the 
30-kg block moving if cable A B (a) is attached as shown, (b) is removed. 


SOLUTION 

(a) Free body: 20-kc block 

Wi = (20 kg)(9.8 1 m/s 2 ) = 196.2 N 
F, = J u s N l = 0.4(196.2 N) = 78.48 N 

-±*2iF = 0: T-F l = 0 T = F l = 78.48 N 

Free body: 30-kg block 


4 


\N,*J9SAH 
T 


■ — r=3f=^ 

ft, * 1 


Jr* 


W 2 =(30kg)(9.81 m/s 2 ) = 294.3 N 

# = }%.w\ 

Rz '&M'W — ».■« 


N 2 = 196.2 N + 294.3 N = 490.5 N 



F 2 = /i s N 2 = 0.4(490.5 N) = 196.2 N 

A t tk 


Ts. 


■LF = 0: P-F l -F 2 -T = 0 


P = 78.48 N + 196.2 N + 78.48 N = 353.2 N 


P = 353 N — A 


( b ) Free body: Both blocks 


Blocks move together 

~ 1 1 

W = (50 kg)(9.81 m/s 2 ) = 490.5 N 


J^ZF = 0: P — F = 0 


p = Ms N = 0.4(490.5 N) = 196.2 N 



P = 196.2 N -* — A 
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PROBLEM 8.14 

The coefficients of friction are ju s = 0.40 and fi k = 0.30 between all 
surfaces of contact. Determine the smallest force P required to start the 
30-kg block moving if cable A B (a) is attached as shown, (b) is removed. 
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- 0.8 m - 


PROBLEM 8.15 

A 40-kg packing crate must be moved to the left along the floor without 
tipping. Knowing that the coefficient of static friction between the crate 
and the floor is 0.35, determine (a) the largest allowable value of a, (b) the 
corresponding magnitude of the force P. 


SOLUTION 


(a) Free-body diagram 

If the crate is about to tip about C, contact between crate and ground is only at C and the reaction R is 
applied at C. As the crate is about to slide, R must form with the vertical an angle 

</> s = tan -1 ju s = tan -1 


0.35 = 19.29° 

Since the crate is a 3-force body. P must pass through E where R and W intersect. 




CF 0.4 m 


= 1.1429 m 


tan# s 0.35 
EH = EF - HE = 1 . 1429 - 0.5 = 0.6429 m 
EH _ 0.6429 m 
HB ~ 0.4 m 

a = 58.1 1° 


tan a = - 


( b ) Force Triangle 


W 


p = 0.424 W 



£ 

U 


sin 19.29° sin 128.82° 
p = 0.424(40 kg)(9.81 m/s 2 ), 

Note: After the crate starts moving, fi s should be replaced by the lower value p k . This will 
yield a larger value of a. 
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PROBLEM 8.16 

A 40-kg packing crate is pulled by a rope as shown. The coefficient of static 
friction between the crate and the floor is 0.35. If a — 40°, determine (a) the 
magnitude of the force P required to move the crate, (Z?) whether the crate will 
slide or tip. 


SOLUTION 




Force P for which sliding is impending 


(We assume that crate does not tip) 





IV = (40 kg)(9.81 m/s 2 ) = 392.4 N 






+| ZF y =0: N-W + Psin 40° = 0 






IV = IV - P sin 40° 

(1) 

F=0,3 5&f ^ 

In 

rjV 


-±*EP V = 0: 0.35 N - Pcos 40° = 0 

Substitute for N fromEq. (1): 

0.35(W - Psin 40°) - Pcos 40° = 0 






p _ °- 35w 

0.35 sin 40° + cos 40° 

P = 0.3532W < 

Force P for which crate rotates about C 


(We assume that crate does not slide) 
A 

+)IM C = 0: (Psin 40°)(0.8 m) + (Pcos40°)(0.5 m) 

-W(0A m) = 0 


T~ 

6 

]w 

& 


C 

N 

*0.4*' 

▼ " 


0.41V 

P = = 0.445 8W 

0.8sin40° + 0.5cos 40° 

◄ 





Crate will first slide <] 





P = 0.3532(392.4 N) 

P = 138.6 N ◄ 
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1 

A 

PROBLEM 8.19 


1 


Wire is being drawn at a constant rate from a spool by applying a vertical 


A 


force P to the wire as shown. The spool and the wire wrapped on the spool 


X 1 

/ ij 

1 X ///\ 
/ J/ //\ 

have a combined weight of 20 lb. Knowing that the coefficients of friction at 


/ \ V 

both A and B are ju s = 0.40 and / 4 = 0.30, determine the required magnitude of 



[—• V. 

B the force P. 

3 in.] 


N\ 

\\ 

// 

y> 


3 in.] 

A 
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I 

iP 


A 

i / //X 


/ V J/ /\ 


•/ 



( — • J 

3 in.] 

\ 

ycJJT/ 

3 in.] 



A 


PROBLEM 8.20 

Solve Problem 8.19 assuming that the coefficients of friction at B are zero. 

PROBLEM 8.19 Wire is being drawn at a constant rate from a spool by 
applying a vertical force P to the wire as shown. The spool and the wire 
wrapped on the spool have a combined weight of 20 lb. Knowing that the 
coefficients of friction at both A and B are ji s — 0.40 and //* = 0.30, determine 
the required magnitude of the force P. 
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jU s = 0.40 


150 mm 



150 mm 


PROBLEM 8.22 

A couple M of magnitude 100 N • m is applied to the drum as 
shown. Determine the smallest force that must be exerted by the 
hydraulic cylinder on joints B and E if the drum is not to rotate. 


250 mm 
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B 



PROBLEM 8.23 

A slender rod of length L is lodged between peg C and the vertical wall and 
supports a load P at end A. Knowing that the coefficient of static friction between 
the peg and the rod is 0.15 and neglecting friction at the roller, determine the range 
of values of the ratio L/a for which equilibrium is maintained. 


SOLUTION 

FBD rod: 

Free-body diagram : For motion of B impending upward : 



A 


+)ZM B = 0: PL sin 6- N c 


a 

sin# 


= 0 


N c = — sin 2 6> 
a 


+| JLF y =0: N c sin 0 - jU s N c cos 6- P-0 
N c (sin 9 — n cos 9)-P 


Substitute for N c from Eq. (1), and solve for a/L. 


For 0 = 30° and jU s =0.15: 


a r. 

— = sin" P(sin 0 - jU s cos 9) 


— = sin 2 30°(sin 30° - 0.1 5 cos 30°) 
L 


— = 0.092524 
L 


- = 10.808 


For motion of B impending downward, reverse sense of friction force F c . To do this we make 
jU s = -0.15 in. Eq. (2). 


Eq. (2): 


j = sin 2 30°(sin 30° - (-0. 1 5) cos 30°) 


■ = 0.15748 


■ = 6.350 


( 1 ) 


(2) 


Range of values of L/a for equilibrium: 


6.35 < — < 10.81 ◄ 
a 
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B 



PROBLEM 8.24 

Solve Problem 8.23 assuming that the coefficient of static friction between the peg 
and the rod is 0.60. 

PROBLEM 8.23 A slender rod of length L is lodged between peg C and the 
vertical wall and supports a load P at end A. Knowing that the coefficient of static 
friction between the peg and the rod is 0.15 and neglecting friction at the roller, 
determine the range of values of the ratio L/a for which equilibrium is maintained. 


SOLUTION 


Free-body diagram : For motion of B impending upward 



+)lM B = 0: PL sin 9 -N c 


sin# 


= 0 


PL , 

N c = sin 2 # 


+| XF V = 0: A c sin#-/r s iV c cos#-P = 0 
N c (sin # - /J s cos 9)- P 


( 1 ) 


Substitute for N r from (1), and solve for — 
c L 

d r, 

— = sin" #(sin # - ju s cos #) 

For # = 30° and /u s = 0.60: ^ = sin 2 30°(sin 30° - 0.60cos 30°) 


(2) 


- = -0.0049 < 0 
L 

Thus, slipping of B upward does not occur for motion of B impending downward, reverse sense of friction 
force Fc . To do this we make ju c = -0.60 in Eq. (2). 

j = sin 2 30°(sin 30° - (-0.60) cos 30°) 

- = 0.2459 - = 3.923 

L a 

Range of Lta for equilibrium: L/a > 3.92 A 
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PROBLEM 8.25 

B 





A 6.5-m ladder AB leans against a wall as shown. Assuming that the coefficient 



of static friction fi s is zero at B, determine the smallest value of fi s at A for 



which equilibrium is maintained. 


6 

Ill 

a(/ 

[* — 2.5 m — *- 

— 

- 
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6 m 


[*—2.5 in — 


PROBLEM 8.26 

A 6.5-m ladder AB leans against a wall as shown. Assuming that the coefficient of 
static friction fi s is the same at A and B, determine the smallest value of /u s for 
which equilibrium is maintained. 
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|-*-0.6 m-»- 

C 




t 

• G 

0.5 m 



g 

1 




0.8 m 


0.4 m 


PROBLEM 8.28 

The machine base shown has a mass of 75 kg and is fitted with skids at A and B. 
The coefficient of static friction between the skids and the floor is 0.30. If 
a force P of magnitude 500 N is applied at comer C, determine the range of 
values of 9 for which the base will not move. 


SOLUTION 


Free-body: Machine base 


Assume sliding impends 


r~ 

O.iom 




vy 

: 

G 

A 

! 0.7-n 

g 


-e \ns 


C 


k 


ae-y 


o.r* 


m = (75 kg)(9.81 m/s 2 ) = 735.75 N 


F a ~ M s N a Fb - M,N b 

+(ZF y =0: N A + N B -W-Psm0 = O 

(N a + N b ) = W + Psin G 
±~ZF x = 0: F A + F B - Pcos 6 = 0 


Eg. (2) . 
Eq. (1) ' 


jU s (N a +N b ) = P cos (9 = 0 


Ms = 


Pcos 6 
W + P sin <9 


jU s W + jU s P sin 0 - P cos 6 

0.30(735.75 N) + 0.30(500 N) sin <9 = 500 cosd 
500 cos 6 - 1 50 sin 6 = 220.73 
Solve for 8: 9 = 48.28° 


( 1 ) 

(2) 


Assume tipping about B impends : N A = 0 

+)lM B = 0: P sin 9(0.4 m)- P cos 0(0.5 m) — VF(0.2 m) = 0 

500 sin 0(0.4) - 500 cos (9(0.5) - 735.75(0.2 m) = 0 

200 sin 9 - 250 cos 9 — 147. 15 

Solve for 9 : 9 = 18.10° 

Range for no motion : 48.3° < 9 <18.1° 4 
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PROBLEM 8.29 

The 50-lb plate ABCD is attached at A and D to collars that can slide on 
the vertical rod. Knowing that the coefficient of static friction is 0.40 
between both collars and the rod, determine whether the plate is in 
equilibrium in the position shown when the magnitude of the vertical 
force applied at E is (a) P - 0, ( b ) P = 20 lb. 


SOLUTION 

(a) P = 0 


But: 


Thus: 

and 

(b) P = 20 lb 


But: 

Thus: 

and 


+)JM D = 0: N a (2 ft) - (50 lb)(3 ft) = 0 
N a = 75 lb 

2^=0: N d = N a =75 lb 
+t I F y =0: F a + F d - 50 lb = 0 
F a + F d = 50 lb 

{F A ) m =/u s N A = 0-40(75 lb) = 30 lb 
(F D ) m =jU s N D = 0.40(75 lb) = 30 lb 


Fd ' 

JTFt. ♦ L 


1 

"t 


£ 

1 , 

V 

6 



S0!b 


(FA,+(F D ) m =601b 

(F a ),„ + (F d ) m >F a +F d Plate is in equilibrium ◄ 

+)ZM d =0: 7V a (2 ft) — (50 lb)(3 ft) + (20 lb)(5 ft) = 0 

N a = 25 lb 


FF x = 0: N d =N a = 25 lb 
+t ZF V = 0: F A + F D -501b + 201b = 0 


F A + F D = 30 lb 

Wm=^ A = 0.4(25 lb) = 10 lb 
(F D ) m =/i s ND= 0.4(25 lb) = 10 lb 


(^),„+(^) m =201b 

Fa + Fd> (F a ),„ + (F fl ),„ 


Plate moves downward M 
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PROBLEM 8.30 

In Problem 8.29, determine the range of values of the magnitude P of the 
vertical force applied at E for which the plate will move downward. 

PROBLEM 8.29 The 50-lb plate ABCD is attached at A and D to collars 
that can slide on the vertical rod. Knowing that the coefficient of static 
friction is 0.40 between both collars and the rod, determine whether the 
plate is in equilibrium in the position shown when the magnitude of the 
vertical force applied at E is (a) P- 0, (b) P = 20 lb. 


SOLUTION 

We shall consider the following two cases: 

(1) 0 < P < 30 lb 

+)1 :M d = 0: N a ( 2 ft) - (50 lb)(3 ft) + P(5 ft) = 0 
N a =75 lb -2.5P 

{Note: N A > 0 and directed - — for P < 30 lb as assumed here) 

ZF t =0: N a =N d 

+jlF v =0: F a +F d +P - 50 = 0 
F a +F d =50-P 


Aft* 

s* if 



A -£=■ 

zct 

<S i 

\ , 

D T 

N 

' — 3tt-A 


But: (FA)m=(Fo)m=M,N A 

= 0.40(75 - 2.5 P) 

-30- P 

Plate moves 1 if : F A +F D >{F A )„, + (F D ),„ 

or 50- P> (30 - P) + (30 - P) P>101b < 

(2) 30 lb < P < 50 lb 

+)IM d = 0: -N a {2 ft) - (50 lb)(3 ft) + P( 5 ft) = 0 
N a = 2.5P-75 

{Note: N a > and directed — *- for P > 30 lb as assumed) 


2^=0: N a =N d 
+| IF V = 0: F A +F o +P-50 = 0 


F a + F d =50-P 
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PROBLEM 8.30 (Continued) 


But: (F A ) m =(F D ) m =M s N A 

= 0.40(2.5P-75) 

- P-30 lb 

Plate moves 1 if : F A +F D >(F A ),„ + (F n ),„ 

50- P> (P- 30) + {P - 30) 


Thus, plate moves downward for: 

(Note: For P > 50 lb, plate is in equilibrium) 


P<!H = 36.7 
3 


10.00 lb <P< 36.7 


lb < 
lb ◄ 
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PROBLEM 8.31 

A rod DE and a small cylinder are placed between two guides as shown. 
The rod is not to slip downward, however large the force P may be; i.e., 
the arrangement is said to be self-locking. Neglecting the weight of the 
cylinder, determine the minimum allowable coefficients of static 
friction at A, B, and C. 
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SOLUTION 


Free body: Members CA, AB. BD 

By symmetry : C v = D v - ^-(500) = 250 N 

Since CA is a two-force member, 

C x _ C y _ 250 N 
90 mm 75 mm 75 mm 
C x = 300 N 


*Fx = 0: D X =C X 

D x = 300 N 


Free body: Tong DEF 

+)IM E = 0: (300 N)(105 mm) + (250 N)(135 mm) 

+ (250 N)(157.5 mm) - F x ( 360 mm) = 0 


F x = +290.625 N 


Minimum value of /u s \ 


Fy _ 250 N 

F x ~ 290.625 N 



ju s = 0.860 ◄ 
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PROBLEM 8.33 

60 N 

The 100-mm-radius cam shown is used to control the motion of the 
plate CD. Knowing that the coefficient of static friction between the 
cam and the plate is 0.45 and neglecting friction at the roller 
supports, determine (a) the force P required to maintain the motion 
of the plate, knowing that the plate is 20 mm thick, ( b ) the largest 
thickness of the plate for which the mechanism is self-locking (i.e., 
for which the plate cannot be moved however large the force P 
may be). 
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PROBLEM 8.34 

A safety device used by workers climbing ladders fixed to high structures 
consists of a rail attached to the ladder and a sleeve that can slide on the 
flange of the rail. A chain connects the worker’s belt to the end of an 
eccentric cam that can be rotated about an axle attached to the sleeve at C. 
Determine the smallest allowable common value of the coefficient of 
static friction between the flange of the rail, the pins at A and B, and the 
eccentric cam if the sleeve is not to slide down when the chain is pulled 
vertically downward. 


SOLUTION 


Free body: Cam 



+)1M C = 0: N d ( 0.8 in.) - fl s N D (3 in.) - P ( 6 in.) = 0 


N 


D ~ 


6 P 


0-8-3 ju s 



or 


-±^ = 0: N d -N a -N b =0 
N a +N b =N d 

+tzF v =0: F a + F b + F d -P = 0 


M,(N a +N b + N d ) = P 


Substitute from Eq. (2) into Eq. (3): 


ft s (2N D ) = P N d = 


P 


( 1 ) 


(2) 


(3) 

(4) 


Equate expressions for N D from Eq. (1) and Eq. (4): 


P_6P 
2 Ms 0.8-3 juf 



0.8-3 ju s =12 ju s 


ju s = 0.0533 ◄ 


{Note: To verify that contact at pins A and B takes places as assumed, we shall check that N A > 0 and N B = 0.) 
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W= 10 lb 

\ r A B J 

PROBLEM 8.36 



Two 10-lb blocks A and B are connected by a slender rod of negligible weight. The 


I // 1 

I'l 


coefficient of static friction is 0.30 between all surfaces of contact, and the rod forms 

1 

an angle 6 = 30°. with the vertical, (a) Show that the system is in equilibrium 
when P-0, (b) Determine the largest value of P for which equilibrium is 

/ 

y&A 


maintained. 

W = lolbl 




SOLUTION 


FBD block B: 

(a) Since P = 2.69 lb to initiate motion, 

(b) For P max , motion impends at both surfaces: 


equilibrium exists with P — 0 M 


Block B: 


Impending motion: 


l ^F y = 0: N b - 101b - F ab cos 30° = 0 
Nb =IQ\6 + ^F ab 
Fb ~ M s N b — 0-3N b 


ZF X = 0: F b - F ab sin 30° = 0 
F ab =2F b =0.6N b 


Solving Eqs. (1) and (2): 


FBD block A: 
Then 


R 

N b =10 lb + ^-(0.6N B ) = 20.8166 lb 


F ab = 0.6 N b = 12.4900 lb 


Block A: — ~IF t = 0: F AB sin 30° - N A = 0 


Impending motion: 


N a = ^F ab = ^(12.4900 lb) - 6.2450 lb 

F a = ju s N a = 0.3(6.2450 lb) = 1.8735 lb 
|ZF v = 0: F a + F ab cos 30° — P - 10 lb = 0 

P = F A + ^-F AB -unb 
R 

= 1.8735 lb + ^-(12.4900 lb) - 10 lb 
= 2.69 lb 



(2) 



P = 2.69 lb ◄ 
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PROBLEM 8.37 

Bar AB is attached to collars that can slide on the inclined rods shown. 
A force P is applied at Point D located at a distance a from end A. 
Knowing that the coefficient of static friction ju s between each collar 
and the rod upon which it slides is 0.30 and neglecting the weights of 
the bar and of the collars, determine the smallest value of the ratio a/L 
for which equilibrium is maintained. 
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p 


PROBLEM 8.38 


Two identical uniform boards, each of weight 40 lb, are temporarily leaned 
against each other as shown. Knowing that the coefficient of static friction 
between all surfaces is 0.40, determine (a) the largest magnitude of the 
force P for which equilibrium will be maintained, ( b ) the surface at which 
motion will impend. 
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PROBLEM 8.39 

Knowing that the coefficient of static friction between the collar and the rod 
is 0.35, determine the range of values of P for which equilibrium is maintained 
when 0 = 50° and M = 20 N • m. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 



1266 






PROBLEM 8.40 

Knowing that the coefficient of static friction between the collar and the 
rod is 0.40, determine the range of values of M for which equilibrium is 
maintained when 0 = 60° and P = 200 N. 


SOLUTION 

Free body member AB: 

BC is a two-force member. 


+)IM a =0: M - F bc cos 60°(0. 1 m) = 0 


O.l'tol 
R 




-BC 

6o° 


M = 0.05 F, 


BC 


Motion of C impending upward : 


-±*2^=0: F bc cos 60° — N — 0 


N = 0.5 F, 


BC 


(i) 

P-Zoo/y I 

hr 


+ 


‘ jjr = 0: F bc sin 60° - 200 N - (0.40)(0.5F BC ) = 0 


66 


-jyi 

'fbc 


Fbc ~ 300.29 N 


Eq. (1): 


M = 0.05(300.29) 


M =15.014 N m < 


Motion of C impending downward : 


■ZF X = 0: F bc cos 60 ° - N = 0 


N = 0.5 F, 


f- 200 Bl 


‘A 


BC 


+1 EFy =0: F bc sin 60° - 200 N + (0.40)(0.5 F BC ) = 0 






Eq. (1): 
Range of M\ 


M =0.05(187.613) 


F bc =187.613 N 


M =9.381 N-m < 
9.38 N m<M <15.01 N m ◄ 
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PROBLEM 8.41 


A 10-ft beam, weighing 1200 lb, is to be moved to the left onto the 
platform. A horizontal force P is applied to the dolly, which is 
- mounted on frictionless wheels. The coefficients of friction between 
all surfaces are ju s = 0.30 and jU k = 0.25, and initially x - 2 ft. 
Knowing that the top surface of the dolly is slightly higher than the 
platform, determine the force P required to start moving the beam. 
(Hint: The beam is supported at A and D.) 
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PROBLEM 8.42 


A 

-» 10 ft 



\B 



c d L — 




•+x+~ 

2 ft 



(a) Show that the beam of Problem 8.41 cannot be moved if the top 
surface of the dolly is slightly lower than the platform. ( b ) Show 
that the beam can be moved if two 175-lb workers stand on the 
beam at B and determine how far to the left the beam can be moved. 

PROBLEM 8.41 A 10-ft beam, weighing 1200 lb, is to be moved 
to the left onto the platform. A horizontal force P is applied to the 
dolly, which is mounted on frictionless wheels. The coefficients of 
friction between all surfaces are jU s - 0.30 and ju k - 0.25, and 
initially x — 2 ft. Knowing that the top surface of the dolly is 
slightly higher than the platform, determine the force P required to 
start moving the beam. (Hint: The beam is supported at A and D.) 


SOLUTION 

(a) Beam alone 

+)IM C = 0: Ag(8 ft) - (1200 lb)(3 ft) = 0 

N b = 450 lb 

+t F y = 0: N c +450-1200 = 0 

N c =750 lb 

(F c ) m = /i s N c = 0.3(750) = 225 lb 
(F B )m=M,NB= 0-3(450) = 135 lb 

Since (F B ) m < ( F ( ) m , sliding first impends at B, and 


Sftr, 1200 

- c Tk- ** —t 


"c 


4. 


Beam cannot be moved M 


( b ) Beam with workers standing at B 


X S-x|l200tt> liro/h 

-5 ' 

* Fe 


~C */ r* — 10 ' 




N 

~C 


IB 




+)lM c =0: N b (10 -x)- (1200)15- x)- 350(10 — x) = 0 


N b = 


9500-1550JC 
10- jc 


+')ZM b = 0: (1200)(5) - N c (l0-x) - 0 


N r = 


6000 
10- v 
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PROBLEM 8.42 (Continued) 


Check that beam starts moving for x — 2 ft: 
For x = 2 ft: 


= 9500-1550(2) =8QQlb 


N r = 


10-2 
6000 


10-2 


= 750 lb 


(F c ) m = jU s N c = 0.3(750) = 225 lb 
(F b )„, =jU s N b = 0.3(800) = 240 lb 


Since ( F c ) m < (F B ) m , sliding first impends at C, 
How far does beam move ? 

Beam will stop moving when 


But 


and 


F c =(FbX 


F c =ju k N c = 0.25 


6000 
10 -x 


1500 
10 -x 


(F B ) m =MsN B = 0.30 


9500 -1550.x 
10 — x 


2850 -465x 
10 -.x 


Beam moves A 


Setting F c = (F B ) m : 1500 = 2850 - 465x x = 2.90ft ◄ 

(Note: We have assumed that, once started, motion is continuous and uniform (no acceleration).) 
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PROBLEM 8.43 

Two 8-kg blocks A and B resting on shelves are connected by a rod of 
negligible mass. Knowing that the magnitude of a horizontal force P 
applied at C is slowly increased from zero, determine the value of P for 
which motion occurs, and what that motion is, when the coefficient of 
static friction between all surfaces is (a) ju s = 0.40, (b) jJ. s = 0.50. 


SOLUTION 


(a) 


/u s = 0.40: Assume blocks slide to right. 



+| JFy = 0 : 
■±* 2 ^= 0 : 


W = mg = (8 kg)(9.81 m/s 2 ) = 78.48 N 

Fa=M,N a 
Fb ~ M,N B 

N a + N b - 2W = 0 

N A + N B =2W 

p-f a -f b = 0 

P = F a + F b =jU s (N a +N b )=jU s (2W ) 
P = 0.40(2)(78.48 N) = 62.78 N 


+)l.M B =0: P(0 . 1 m) - (N A - W)(0.09326 m) + F A (0.2 m) = 0 


( 1 ) 


(62.78X0. 1) - (N a - 78.48)(0.09326) + (0.4 )(N B )(0.2) = 0 
0.17326/V A =1.041 


N a = 6.01 N > 0 OK 

System slides : P=62.8N A 


( b ) jU s = 0.50: See part a. 


Eq. (1): 


P = 0.5(2)(78.48 N) = 78.48 N 

+)lM B = 0: P(0 . 1 m) + (N a - W )(0. 09326 m) + F A (0.2 m) = 0 


(78.48X0. 1) + (N a - 78.48X0.09326) + (0.5)A a (0.2) = 0 
0.19326A a = -0.529 

N A = -2.73 N < 0 uplift, rotation about B 
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PROBLEM 8.44 

A slender steel rod of length 225 mm is placed inside a pipe as shown. 
Knowing that the coefficient of static friction between the rod and the 
pipe is 0.20, determine the largest value of 6 for which the rod will not 
fall into the pipe. 
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[<— 75 mm — 


PROBLEM 8.45 

In Problem 8.44, determine the smallest value of 0 for which the rod will 
not fall out the pipe. 

PROBLEM 8.44 A slender steel rod of length 225 mm is placed inside 
a pipe as shown. Knowing that the coefficient of static friction between 
the rod and the pipe is 0.20, determine the largest value of 0 for which the 
rod will not fall into the pipe. 
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PROBLEM 8.46 

Two slender rods of negligible weight are pin-connected at C and 
attached to blocks A and B, each of weight W. Knowing that 0 = 80° 
and that the coefficient of static friction between the blocks and the 
horizontal surface is 0.30, determine the largest value of P for which 
equilibrium is maintained. 
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PROBLEM 8.47 

Two slender rods of negligible weight are pin-connected at C and 
attached to blocks A and B, each of weight W. Knowing that P — 
1.260 W and that the coefficient of static friction between the blocks 
and the horizontal surface is 0.30, determine the range of values of 9, 
between 0 and 180°, for which equilibrium is maintained. 


SOLUTION 


AC and BC are two-force members 
Free body: Joint C 
Force triangle : 



From Force triangle: 



F ab = P sin(<9 - 60°) = 1 26W sin(6> - 60°) 
F BC = Pcos(6»-60°) = 1.26Wcos(6>-60°) 
We shall, in turn, seek 6 corresponding to impending motion of each block 
For motion of A impending to left 
from solution of Prob. 8.46: F AC = 0.4 191V 

EQ (1): F ac = 0.4191V = 1.261V sin(6>- 60°) 

sin(<9 - 60°) = 0.33254 
6- 60° = 19.423° 


0 = 79.42° 


For motion of B impending to right. 


from solution of Prob. 8.46: 
Eq. (2): 


F bc = 1. 2491V 

F bc = 1.2491V = 1.261V cos(6>- 60°) 
cos(9 - 60°) = 0.99127 


$-60° = ±7.58° 


$-60° = +7.58° 


$-60° = -7.58° 


( 1 ) 

(2) 


< 


9 = 67.6° < 
9 = 52.4° < 
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PROBLEM 8.47 (Continued) 


For motion of A impending to right 

7 = 180° -60° -16.7° = 103.3° 


Law of sines: 


-Fab _ W 
sin 16.7° sin 103.3° 
F ab = -0.295281V 


Note: Direction of +F AB is kept same as in free body of Joint C. 

Eq. (1): F ab =-0.295281V = 1.261V sin(6>- 60°) 

sin(<? - 60°) = -0.23435 


Summary: 


(0- 60°) = -13.553° 



6 = 46.4° < 


A moves No 

to right motion 


B moves 
to right 

No 

motion 

A moves 
to left 





46.4° 52.4° 67.6° 79.4° 


e 


No motion for: 


46.4° < 0 < 52.4° and 67.6° < 0 < 79.4° 


◄ 
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T~ 

) mm 
! L 
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400 mm 


PROBLEM 8.48 

The machine part ABC is supported by a frictionless hinge at B 
and a 10° wedge at C. Knowing that the coefficient of static 
friction at both surfaces of the wedge is 0.20, determine (a) the 
force P required to move the wedge, ( b ) the components of the 
corresponding reaction at B. 
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PROBLEM 8.49 

A 1800 N 

| 

Solve Problem 8.48 assuming that the force P is directed to the right. 

350 mm 

* Us 

p PROBLEM 8.48 The machine part ABC is supported by a frictionless 

hinge at B and a 10° wedge at C. Knowing that the coefficient of static 

4" 600 ram ►] 

friction at both surfaces of the wedge is 0.20, determine ( a ) the force P 

400 mm 

required to move the wedge, (b) the components of the corresponding 
reaction at B. 
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PROBLEM 8.50 

The elevation of the end of the steel beam supported by 
a concrete floor is adjusted by means of the steel wedges E and 
F. The base plate CD has been welded to the lower flange of the 
beam, and the end reaction of the beam is known to be 100 kN. 
The coefficient of static friction is 0.30 between two steel 
surfaces and 0.60 between steel and concrete. If the horizontal 
motion of the beam is prevented by the force Q, determine 
(a) the force P required to raise the beam, ( b ) the corresponding 
force Q. 
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PROBLEM 8.51 

The elevation of the end of the steel beam supported by 
a concrete floor is adjusted by means of the steel wedges E and 
F. The base plate CD has been welded to the lower flange of 
the beam, and the end reaction of the beam is known to be 
100 kN. The coefficient of static friction is 0.30 between two 
steel surfaces and 0.60 between steel and concrete. If the 
horizontal motion of the beam is prevented by the force Q, 
determine (a) the force P required to raise the beam, ( b ) the 
corresponding force Q. 
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PROBLEM 8.52 

Two 10° wedges of negligible weight are used to move and position the 400-lb 
block. Knowing that the coefficient of static friction is 0.25 at all surfaces of 
contact, determine the smallest force P that should be applied as shown to one of 
the wedges. 
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PROBLEM 8.53 

Two 10° wedges of negligible weight are used to move and position the 400-lb 
block. Knowing that the coefficient of static friction is 0.25 at all surfaces of 
contact, determine the smallest force P that should be applied as shown to one of 
the wedges. 
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PROBLEM 8.54 

Block A supports a pipe column and rests as shown on wedge B. 
Knowing that the coefficient of static friction at all surfaces of contact 
is 0.25 and that 6 = 45°, determine the smallest force P required to raise 
block A. 


SOLUTION 


FBD block A: 


FBD wedge B: 


</> s = tan 1 /J s = tan 1 0.25 = 14.036° 



sin 104.036° sin 16.928° 


R 2 = 10.0000 kN 



P - 9.8611 kN P = 9.86 kN •* — ◄ 
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PROBLEM 8.55 

Block A supports a pipe column and rests as shown on wedge B. Knowing 
that the coefficient of static friction at all surfaces of contact is 0.25 and 
that 6 = 45°, determine the smallest force P for which equilibrium is 
maintained. 


SOLUTION 


FBD block A: 


FBD wedge B: 


(j) s = tan 1 jU s = tan 1 0.25 = 14.036° 



sin(75.964°) sin(73.072°) 


R 2 = 3.0420 kN 



P = 0.91300 kN P = 913 N -* — ◄ 
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PROBLEM 8.56 

Block A supports a pipe column and rests as shown on wedge B. The 
coefficient of static friction at all surfaces of contact is 0.25. 
If P = 0, determine (a) the angle 0 for which sliding is impending, (b) the 
corresponding force exerted on the block by the vertical wall. 
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PROBLEM 8.57 

A wedge A of negligible weight is to be driven between two 100-lb 
plates B and C. The coefficient of static friction between all surfaces 
of contact is 0.35. Determine the magnitude of the force P required 
to start moving the wedge (a) if the plates are equally free to move, 
( b ) if plate C is securely bolted to the surface. 
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PROBLEM 8.58 

A 10° wedge is used to split a section of a log. The coefficient of static friction 
between the wedge and the log is 0.35. Knowing that a force P of magnitude 
600 lb was required to insert the wedge, determine the magnitude of the forces 
exerted on the wood by the wedge after insertion. 


SOLUTION 


FBD wedge (impending motion t ): 

</>s = tan Ms 
= tan -1 0.35 
= 19.29° 

By symmetry: A', = R 2 

* ZF V = 0: 2R X sin (5° + </>,)- 600 lb = 0 


or 


- R 2 


300 lb 

sin (5°+ 19.29°) 


= 729.30 lb 



When P is removed, the vertical components of R l and R 2 vanish, leaving the horizontal components 

R\x ~ ^2x 

= R l cos(5° + 0 s ) 

= (729.30 lb) cos (5° + 19.29°) R lx = R lx = 665 lb ◄ 

(Note that tj) s > 5°, so wedge is self-locking.) 
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PROBLEM 8.59 

A 10° wedge is to be forced under end B of the 5-kg rod AB. Knowing 
that the coefficient of static friction is 0.40 between the wedge and the 
rod and 0.20 between the wedge and the floor, determine the smallest 
force P required to raise end B of the rod. 


SOLUTION 

FBD AB: 



FBD wedge: 


W = mg 

W = (5 kg)(9.81 m/s 2 ) 
ty = 49.050 N 

</> sl =\.znr l (/u s )\ = tan -1 0.40 = 21.801° 

(X M a = 0: rR i cos(10° + 21.801°) - rR l sin (10° + 21.801°) 

(49.050 N) = 0 
n 

R l = 96.678 N 




' 2 = tan^ 1 (ju s ) 2 = tan- 1 0.20 = 1 1 .3099 
P 96.678 N 


sin(43.1 1 1°) sin 78.690° 


P = 67.4 N 
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PROBLEM 8.60 

The spring of the door latch has a constant of 1.8 lb/in. and in the position 
shown exerts a 0.6-lb force on the bolt. The coefficient of static friction 
between the bolt and the strike plate is 0.40; all other surfaces are well 
lubricated and may be assumed frictionless. Determine the magnitude of the 
force P required to start closing the door. 


SOLUTION 

Free body: Bolt 

M s = 0-40 
<p s = tan -1 0.40 
= 21.801° 

Force triangle : 




2 . 1 . 2 , 01 ° + 45 ° 
= 64.801° 


From force triangle, 

P = (0.6 lb) tan 66.801° 

P = 1.39997 lb P = 1.400 lb ◄ 
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PROBLEM 8.61 



In Problem 8.60, determine the angle that the face of the bolt should form 
with the line BC if the force P required to close the door is to be the same 
for both the position shown and the position when B is almost at the strike 
plate. 

PROBLEM 8.60 The spring of the door latch has a constant of 1.8 lb/in. 
and in the position shown exerts a 0.6-lb force on the bolt. The coefficient 
of static friction between the bolt and the strike plate is 0.40; all other 
surfaces are well lubricated and may be assumed frictionless. Determine 
the magnitude of the force P required to start closing the door. 


SOLUTION 


For position shown in figure : 

From Prob. 8.60: P = 1.400 lb 

For position when B reaches strike plate : 
Free body: Bolt 



A =0.40 

</> s = tan _1 0.40 = 21.801° 


F = 0.6 Ib + kx 
= 0.6 lb + (1.8 lb/in.) 
= 1.275 lb 


— in. 


Force triangle : 



From force triangle, 

tan(a - </> s ) = ' A °° ' b = 1 .09804 
s 1.275 lb 

a + <p s =47.675° 
a = 47.675° -21.801° = 25.874° 
e = 180° - 90° - a = 90° - a = 90° - 25.874° 


6 = 64.1° ◄ 
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PROBLEM 8.62 

A 5° wedge is to be forced under a 1400-lb machine base at A. Knowing 
that the coefficient of static friction at all surfaces is 0.20, (a) determine 
the force P required to move the wedge, (b) indicate whether the 
machine base will move. 


SOLUTION 

Free body: Machine base 


1 


1 

A r 

iHOolb 
! 

r 


n 

: 

i 

W- — 


r solo. * 

20in, 

- s , 


+)IM B = 0: (1400 lb)(20 in) - A y (70 in) = 0 


A y = 400 lb 


-±*ZF= 0: A, +B -14001b =0 


5, = 1400 - 400 = 1000 lb 


Free body: Wedge 

(Assume machine will not move) 

We know that 
Force triangle : 


ju s = 0.20, ^ = tan 0.20 = 11. 31° 
A, = 400 lb 


V * 



(a) p = (400 lb)(tanl 1.31° + tanl6.31°) = 197.0 lb 

(b) Total maximum friction force at A and B: 

F m = jU c W = 0.20(1400 lb) = 280 lb 
Since P < F „, : 


5 ° 

Xll.W 


P = 197.0 lb— ◄ 


Machine will not move M 
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PROBLEM 8.63 

Solve Problem 8.62 assuming that the wedge is to be forced under the 
machine base at B instead of A. 

PROBLEM 8.62 A 5° wedge is to be forced under a 1400-lb machine 
base at A. Knowing that the coefficient of static friction at all surfaces is 
0.20, (a) determine the force P required to move the wedge, ( b ) indicate 
whether the machine base will move. 
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PROBLEM 8.64 

A 15° wedge is forced under a 50-kg pipe as shown. The coefficient of static 
friction at all surfaces is 0.20. (a) Show that slipping will occur between the pipe 
and the vertical wall, (b) Determine the force P required to move the wedge. 
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PROBLEM 8.64 (Continued) 

-±*EF t = 0: F b co& 0+ N B sin9 + jU s N 2 - P = 0 
P = F b cos 9 + N b sin 9 + ju s N 2 

p = (0.07248W)cos 1 5 ° + (1 . 1 2974 W ) sin 15° + 0.2(1 .07249W) 

P = 0.5769W 

W = mg: P = 0.5769(50 kg)(9.81 m/s 2 ) P = 283N— ◄ 
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PROBLEM 8.65 

A 15° wedge is forced under a 50-kg pipe as shown. Knowing that the coefficient 
of static friction at both surfaces of the wedge is 0.20, determine the largest 
coefficient of static friction between the pipe and the vertical wall for which 
slipping will occur at A. 
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PROBLEM 8.66* 


A 0 

A 200-N block rests as shown on a wedge of negligible weight. The coefficient 


200 N 

1 o 

of static friction ju s is the same at both surfaces of the wedge, and friction 


1 

between the block and the vertical wall may be neglected. For P — 100 N, 


0 

determine the value of ju s for which motion is impending. (Hint: Solve the 


15°/ 

equation obtained by trial and error.) 


SOLUTION 


Free body: Wedge 
Force triangle : 


Law of sines: 




sin(9O°-0 s ) sin(15° + 20 s ) 


Free body: Block 


R _ p sin(90°-&) 
2 sin(15° + 2^) 


ZF v =0 


Vertical component of R 2 is 200 N 

Return to force triangle of wedge. Note P = 100 N 



1 00 N = (200 N) tan </) + (200 N) tan (15° + ^) 
0.5 = tan^+ tan (15° + (j) s ) 


( 1 ) 


Solve by trial and error <f> s = 6.292 

jU s = tan0 s = tan 6.292° 


ju s = 0.1 103 ◄ 
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PROBLEM 8.67* 

Solve Problem 8.66 assuming that the rollers are removed and that ju s is the 
coefficient of friction at all surfaces of contact. 

PROBLEM 8.66* A 200-N block rests as shown on a wedge of negligible 
weight. The coefficient of static friction fl s is the same at both surfaces of the 
wedge, and friction between the block and the vertical wall may be neglected. 
For P — 100 N, determine the value of ju s for which motion is impending. 
(Hint: Solve the equation obtained by trial and error.) 
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PROBLEM 8.68 


Derive the following formulas relating the load W and the force P exerted on the handle of the jack discussed 
in Section 8.6. ( a ) P = ( Wr/a ) tan (0+ to raise the load; (b) P — ( Wr/a ) tan 9), to lower the load if the 
screw is self-locking; (c) P = (Wr/a) tan (9— </> s ), to hold the load if the screw is not self-locking. 
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PROBLEM 8.69 

The square-threaded worm gear shown has a mean radius of 2 in. and a lead 
of 0.5 in. The large gear is subjected to a constant clockwise couple of 9.6 
kip • in. Knowing that the coefficient of static friction between the two gears 
is 0.12, determine the couple that must be applied to shaft AB in order to 
rotate the large gear counterclockwise. Neglect friction in the bearings at 
A, B, and C. 
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PROBLEM 8.70 

In Problem 8.69, determine the couple that must be applied to shaft AB in 
order to rotate the large gear clockwise. 

PROBLEM 8.69 The square-threaded worm gear shown has a mean radius 
of 2 in. and a lead of 0.5 in. The large gear is subjected to a constant clockwise 
couple of 9.6 kip • in. Knowing that the coefficient of static friction between 
the two gears is 0.12, determine the couple that must be applied to shaft AB 
in order to rotate the large gear counterclockwise. Neglect friction in the 
bearings at A, B, and C. 
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PROBLEM 8.71 


High-strength bolts are used in the construction of many steel structures. For a 24-mm- 
nominal-diameter bolt the required minimum bolt tension is 210 kN. Assuming the 
coefficient of friction to be 0.40, determine the required couple that should be applied to the 
bolt and nut. The mean diameter of the thread is 22.6 mm, and the lead is 3 mm. Neglect 
friction between the nut and washer, and assume the bolt to be square-threaded. 
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PROBLEM 8.72 

The position of the automobile jack shown is controlled by a 
screw ABC that is single-threaded at each end (right-handed 
thread at A, left-handed thread at C). Each thread has a pitch of 
0.1 in. and a mean diameter of 0.375 in. If the coefficient of static 
friction is 0.15, determine the magnitude of the couple M that 
must be applied to raise the automobile. 
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PROBLEM 8.73 



For the jack of Problem 8.72, determine the magnitude of the 
couple M that must be applied to lower the automobile. 

PROBLEM 8.72 The position of the automobile jack shown is 
controlled by a screw ABC that is single-threaded at each end 
(right-handed thread at A, left-handed thread at C). Each thread 
has a pitch of 0.1 in. and a mean diameter of 0.375 in. If the 
coefficient of static friction is 0.15, determine the magnitude of 
the couple M that must be applied to raise the automobile. 
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PROBLEM 8.74 

In the gear-pulling assembly shown the square-threaded screw AB has a mean radius of 
15 mm and a lead of 4 mm. Knowing that the coefficient of static friction is 0.10, 
determine the couple that must be applied to the screw in order to produce a force of 
3 kN on the gear. Neglect friction at end A of the screw. 
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PROBLEM 8.75 


The ends of two fixed rods A and B are each made in the form of a single-threaded screw of mean radius 
6 mm and pitch 2 mm. Rod A has a right-handed thread and rod B has a left-handed thread. The coefficient of 
static friction between the rods and the threaded sleeve is 0.12. Determine the magnitude of the couple that 
must be applied to the sleeve in order to draw the rods closer together. 
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PROBLEM 8.76 


Assuming that in Problem 8.75 a right-handed thread is used on both rods A and B, determine the magnitude 
of the couple that must be applied to the sleeve in order to rotate it. 

PROBLEM 8.75 The ends of two fixed rods A and B are each made in the form of a single-threaded screw of 
mean radius 6 mm and pitch 2 mm. Rod A has a right-handed thread and rod B has a left-handed thread. The 
coefficient of static friction between the rods and the threaded sleeve is 0.12. Determine the magnitude of the 
couple that must be applied to the sleeve in order to draw the rods closer together. 
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PROBLEM 8.77 

A lever of negligible weight is loosely fitted onto a 30-mm-radius 
fixed shaft as shown. Knowing that a force P of magnitude 275 N 
will just start the lever rotating clockwise, determine (a) the 
coefficient of static friction between the shaft and the lever, (b) the 
smallest force P for which the lever does not start rotating 
counterclockwise. 
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PROBLEM 8.78 

A hot-metal ladle and its contents weigh 130 kips. Knowing that the coefficient 
of static friction between the hooks and the pinion is 0.30, determine the 
tension in cable AB required to start tipping the ladle. 


SOLUTION 

Free body: Ladle 



^bearing ^ 

r f = Wing sin ^ = (8 in -) (0-30) = 2.4 in. 

R is tangent to friction circle at A. 

+)IM a = 0 : 7T64 in. + r f ) - (1 30 kipsfiy = 0 
T (64 + 2.4) - (1 30)(2.4) = 0 

T = 4.70 kips ◄ 
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PROBLEM 8.80 

The double pulley shown is attached to a 10-mm-radius shaft that 
fits loosely in a fixed bearing. Knowing that the coefficient of 
static friction between the shaft and the poorly lubricated bearing 
is 0.40, determine the magnitude of the force P required to start 
raising the load. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1313 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1314 






PROBLEM 8.82 

The double pulley shown is attached to a 10-mm-radius shaft that 
fits loosely in a fixed bearing. Knowing that the coefficient of static 
friction between the shaft and the poorly lubricated bearing is 0.40, 
determine the magnitude of the smallest force P required to maintain 
equilibrium. 
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PROBLEM 8.83 

The block and tackle shown are used to raise a 150-lb load. Each of the 3-in.- 
diameter pulleys rotates on a 0.5-in. -diameter axle. Knowing that the coefficient 
of static friction is 0.20, determine the tension in each portion of the rope as the 
load is slowly raised. 
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PROBLEM 8.84 

The block and tackle shown are used to lower a 150-lb load. Each of the 3-in.- 
diameter pulleys rotates on a 0.5-in. -diameter axle. Knowing that the coefficient of 
static friction is 0.20, determine the tension in each portion of the rope as the load 
is slowly lowered. 
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PROBLEM 8.85 

A scooter is to be designed to roll down a 2 percent slope at a constant speed. Assuming that the coefficient of 
kinetic friction between the 25-mm-diameter axles and the bearings is 0.10, determine the required diameter 
of the wheels. Neglect the rolling resistance between the wheels and the ground. 


SOLUTION 



Since a scooter rolls at constant speed, each wheel is in equilibrium . Thus, W and R must have a common line 
of action tangent to the friction circle. 

r f = /u k r = (0.10)(12.5 mm) 

= 1.25 mm 


<9A = 


OB 

tan# 


r f 

tan# 


= 62.5 mm 


1.25 mm 
0.02 


Diameter of wheel = 2(OA) — 125.0 mm M 
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PROBLEM 8.86 

The link arrangement shown is frequently used in highway bridge construction 

A a j- to allow for expansion due to changes in temperature. At each of the 60-mm- 

500 mm diameter pins A and B the coefficient of static friction is 0.20. Knowing that the 

B o L vertical component of the force exerted by BC on the link is 200 kN, determine 

(a) the horizontal force that should be exerted on beam BC to just move the link, 

(b) the angle that the resulting force exerted by beam BC on the link will form 
with the vertical. 
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2.5 in. 



50 lb 


PROBLEM 8.87 

A lever AB of negligible weight is loosely fitted onto a 2. 5-in. -diameter 
fixed shaft. Knowing that the coefficient of static friction between the 
fixed shaft and the lever is 0.15, determine the force P required to start the 
lever rotating counterclockwise. 


SOLUTION 


r f=& r 

= 0.15(1.25 in.) 

= 0.1875 in. 

+)T.M d = 0: P(5 in. + r f ) — (50 lb)ry = 0 

p _ 50(0.1875) 
5.1875 
= 1.807 lb 



P = 1.807 lb ◄ 
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2.5 in. 



50 lb 


PROBLEM 8.89 

A lever AB of negligible weight is loosely fitted onto a 2. 5-in. -diameter 
fixed shaft. Knowing that the coefficient of static friction between the 
fixed shaft and the lever is 0.15, determine the force P required to start the 
lever rotating clockwise. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1322 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1323 





PROBLEM 8.91 

A loaded railroad car has a mass of 30 Mg and is supported by eight 800-mm-diameter wheels with 125-mm- 
diameter axles. Knowing that the coefficients of friction are // s = 0.020 and ju k - 0.0 1 5, determine the 
horizontal force required (a) to start the car moving, (b) to keep the car moving at a constant speed. Neglect 
rolling resistance between the wheels and the track. 


SOLUTION 


For one wheel: 


For eight wheels of railroad car : 


(a) To start motion: 


( b ) To maintain motion: 


r f = /jr, R = 400 mm 

sin 6 = tan 0 = — = — 

R R 

P — W tan 9 -W — 

R 

n ,,, 62.5 mm 

P-Wju 

400 mm 

= 0.15625 Wju 

W = — (30 mg)(9.81 m/s 2 ) 

8 

= -(294.3 kN) 

8 

ZP = 8(0.15625)— (294.3 kN)// 
8 

= (45.984//) kN 

ju s = 0.020 

ZP = (45.984X0.020) 

= 0.9197 kN 

p k =0.015 

ZP = (45.984X0.015) 

= 0.6897 kN 



ZP = 920 N ◄ 


ZP = 690 N ◄ 
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■ ^ 

PROBLEM 8.93 


^ 20 n. 

A 50-lb electric floor polisher is operated on a surface for which 

■ -'vV. 

Q< 

the coefficient of kinetic friction is 0.25. Assuming that the 

18 in. 

\ 


normal force per unit area between the disk and the floor is 



uniformly distributed, determine the magnitude Q of the horizontal 
forces required to prevent motion of the machine. 
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PROBLEM 8.94* 

The frictional resistance of a thrust bearing decreases as the shaft and bearing surfaces wear out. It is generally 
assumed that the wear is directly proportional to the distance traveled by any given point of the shaft and thus 
to the distance r from the point to the axis of the shaft. Assuming, then, that the normal force per unit area is 
inversely proportional to r, show that the magnitude M of the couple required to overcome the frictional 
resistance of a worn-out end bearing (with contact over the full circular area) is equal to 75 percent of the 
value given by Eq. (8.9) for a new bearing. 


SOLUTION 

Using Figure 8.12, we assume 


We write 


AN = — AA: AA- rAO Ar 
r 


AN = —rAGAr = kAGAr 
r 


P = XA N or P=\dN 


4 


/• 2n r R 

P=\ kAOAr — 2nRk\ k- 

J o Jo 

PAdAr 


2nR 


AN = 


2nR 


AM = rAF = r/u k NN = rju k 


PAOAr 
2 nR 


M = 


In r R 


n 


Mk p 


o Jo 2nR 


rdrdd = 


2 nR 2 2 


From Eq. (8.9) for a new bearing, 


^„ew = 3 M k PR 


Thus, 


M 




2 4 
3 


M = 0.75M new ◄ 
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PROBLEM 8.95* 

Assuming that bearings wear out as indicated in Problem 8.94, show that the magnitude M of the couple 
required to overcome the frictional resistance of a worn-out collar bearing is 

M = jM k P(Ri+R 2 ) 

where P — magnitude of the total axial force 
R\,R 2 — inner and outer radii of collar 
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PROBLEM 8.96* 

Assuming that the pressure between the surfaces of contact is uniform, show that 
the magnitude M of the couple required to overcome frictional resistance for the 
conical bearing shown is 


3 sin OR;- R{ 


SOLUTION 


Let normal force on A A be AN and = k. 

A A 


So AN = kAA AA = rAsAtj) 


where (f> is the azimuthal angle around the symmetry axis of rotation. 

AF y = AN sin 0 - krArAtp 


Total vertical force: 

P = lim EAF 

AA— >0 7 



r27rfrR 2 

H. [L, 

j#0 = 2;rA:j' rdr 


P^7rk[R^-R{) 

, P 

or k = — ; 

x(R;-R{) 

Friction force: 

A F = /jAN = /jkAA 


Moment: 

Ar 

AM = rAF = r/dkr A(j) 

sin# 

Total couple: 

M = lim XAM = f 

AA— >0 J 

[ [ A>2 A k r 2 dr)d</> 
o l J/fj sin# J 


As = 


A r 
sin# 



M -2n 


fik 


f 


rdr = - 


2 7ZR 


sin#J«! 3 sin# 7i[r 2 - R 2 ) 





2 ,uP r] - R? ^ 

3 sin# R; - #, 2 
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PROBLEM 8.97 



Solve Problem 8.93 assuming that the normal force per unit 
area between the disk and the floor varies linearly from a 
maximum at the center to zero at the circumference of 
the disk. 

PROBLEM 8.93 A 50-lb electric floor polisher is operated 
on a surface for which the coefficient of kinetic friction is 
0.25. Assuming that the normal force per unit area between 
the disk and the floor is uniformly distributed, determine 
the magnitude Q of the horizontal forces required to prevent 
motion of the machine. 
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PROBLEM 8.97 (Continued) 


p = w = 50 lb 


Then 


Finally 


M = i(0.25)(50 lb)(9 in.) 

= 56.250 lb in. 

M _ 56.250 lb -in. 
d 20 in. 


Q = 2.81 lb ◄ 
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PROBLEM 8.98 

Determine the horizontal force required to move a 2500-lb automobile with 23-in. -diameter tires along a 
horizontal road at a constant speed. Neglect all forms of friction except rolling resistance, and assume the 
coefficient of rolling resistance to be 0.05 in. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1332 





PROBLEM 8.99 

Knowing that a 6-in. -diameter disk rolls at a constant velocity down a 2 percent incline, determine the 
coefficient of rolling resistance between the disk and the incline. 


SOLUTION 

FBD disk: 



tan 0 = slope = 0.02 
b — r tan 6 -{3 in.)(0.02) 


b = 0.0600 in. ◄ 
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-Hi 




Q Q d) (O) (o) a 


PROBLEM 8.100 

A 900-kg machine base is rolled along a concrete floor using a series of 
steel pipes with outside diameters of 100 mm. Knowing that the coefficient 
of rolling resistance is 0.5 mm between the pipes and the base and 1 .25 mm 
between the pipes and the concrete floor, determine the magnitude of the 
force P required to slowly move the base along the floor. 


SOLUTION 

FBD pipe: 



W = mg 

= (900 kg) (9. 81 m/s 2 ) 

= 8829.0 N 

^ . _i .5 mm + 1.25 mm 

6 = sin 

100 mm 

= 1.00273° 

P — W tan 6 for each pipe, so also for total 

P = (8829.0 N) tan (1 .00273°) 


P - 154.4 N ◄ 
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PROBLEM 8.101 

Solve Problem 8.85 including the effect of a coefficient of rolling resistance of 1.75 mm. 

PROBLEM 8.85 A scooter is to be designed to roll down a 2 percent slope at a constant speed. Assuming 
that the coefficient of kinetic friction between the 25-mm-diameter axles and the bearings is 0.10, determine 
the required diameter of the wheels. Neglect the rolling resistance between the wheels and the ground. 
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PROBLEM 8.102 

Solve Problem 8.91 including the effect of a coefficient of rolling resistance of 0.5 mm. 

PROBLEM 8.91 A loaded railroad car has a mass of 30 Mg and is supported by eight 800-mm-diameter wheels 
with 125-mm-diameter axles. Knowing that the coefficients of friction are ju s = 0.020 and ll t = 0.015, determine 
the horizontal force required (a) to start the car moving, (b) to keep the car moving at a constant speed. 
Neglect rolling resistance between the wheels and the track. 
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PROBLEM 8.103 


A 300-lb block is supported by a rope that is wrapped 1 times around a horizontal 
rod. Knowing that the coefficient of static friction between the rope and the rod is 
0.15, determine the range of values of P for which equilibrium is maintained. 
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PROBLEM 8.104 

A hawser is wrapped two full turns around a bollard. By exerting an 80-lb force on the free end of the hawser, 
a dockworker can resist a force of 5000 lb on the other end of the hawser. Determine (a) the coefficient of 
static friction between the hawser and the bollard, ( b ) the number of times the hawser should be wrapped 
around the bollard if a 20,000-lb force is to be resisted by the same 80-lb force. 


SOLUTION 



(a) 

P -2 turns = 2(2;r) = A n 
T x =80 lb, T 2 = 5000 lb 



IT, 1 , 50001b 

u. =— In — = — In 

P T t An 80 lb 

1 . 4.1351 

ju = — In 62.5 = 

An An 

ju s = 0.329 ◄ 

(b) 

7] = 80 lb, T 2 = 20, 000 lb, ju s = 0.329 



1 »£ = /<,/> 



0 1 , T 2 1 , 20,0001b 

p - — In — = In 

H T i 0-329 80 lb 

P= 1 ln(250)= 5-5215 =16.783 

0.329 0.329 



XT U f . 16 - 783 

Number or turns = 

In 

Number of turns = 2.67 A 
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B 


PROBLEM 8.105 


^^30°/ 


A rope ABCD is looped over two pipes as shown. Knowing that the coefficient of 



c 

static friction is 0.25, determine (a) the smallest value of the mass m for which 




equilibrium is possible, ( b ) the corresponding tension in portion BC of the rope. 

A 


D 


i 


o 


50 kg 

m 
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B 


PROBLEM 8.106 



V 

A rope ABCD is looped over two pipes as shown. Knowing that the coefficient of 



o 

static friction is 0.25, determine (a) the largest value of the mass in for which 
equilibrium is possible, (b) the corresponding tension in portion BC of the rope. 

i 


1 D 

A 


50 kg 

m 
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PROBLEM 8.107 

Knowing that the coefficient of static friction is 0.25 between the rope and the 
horizontal pipe and 0.20 between the rope and the vertical pipe, determine the 
range of values of P for which equilibrium is maintained. 


SOLUTION 


Horizontal pipe jU s = /u h 
Vertical pipe ju s = ju v 



For motion of P to be impending downward: 

Q 

Multiply equation member by member: 

E_ Q ‘1 _ e (ft+2^ v +ft)(^/2) 

Q S 400 

or: — — = e ( ^ )M 

400 N 

For motion of P to be impending upward, we find in a similar way 

P - e -(Vi,+Mv)n 

400 N 


9_ - e W H - e Vh , (n/2) 

S ’ 400 N 


Given data: 

From (1): 

From (2): 

Range for equilibrium: 


ju h = 0.25, jU v = 0.20 
P = (400 N)e°' 45;r = 1644 N 
P = (400 N)e~°' 45;r = 97.3 N 


( 1 ) 


(2) 


97.3 N < P < 1644 N ◄ 
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PROBLEM 8.109 

A band brake is used to control the speed of a flywheel as shown. The 
coefficients of friction are ju s = 0.30 and fi k = 0.25. Determine the magnitude 
of the couple being applied to the flywheel, knowing that P — 45 N and that 
the flywheel is rotating counterclockwise at a constant speed. 


SOLUTION 

Free body: Cylinder 



Since slipping of band relative to cylinder is clockwise, Ti and T 2 are located as shown. 
From free body: Lever ABC 

+)IM C = 0: (45 N)(0.48 m) - 71 (0. 12 m) = 0 


Free body: Lever ABC 


P = 4-5 


hi y 


T 2 =180N 


fT* 

bI g- ^ 




From free body: Cylinder 


Using Eq. (8.14) with ju k -0.25 and J3 - 270° = — rad: 


0.3£> Wl O.I2 * 


3 n 


U _ _ g (0.25)(3*/2) _ 


Tj = - 55.415 N 

e 3 /8 3.2482 


+)IM d = 0: (55.415 N)(0.36m)- (180 N)(0.36m) + M =0 


M = 44.9 N • m ' ◄ 
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4 

| B | 

PROBLEM 8.110 

V 

The setup shown is used to measure the output of a small turbine. When the 


- 18.75 in. >- 

flywheel is at rest, the reading of each spring scale is 14 lb. If a 105-lb • in. 
couple must be applied to the flywheel to keep it rotating clockwise at 



a constant speed, determine ( a ) the reading of each scale at that time, (b) the 


/ \ 

coefficient of kinetic friction. Assume that the length of the belt does not change. 





SOLUTION 


(a) 

Since the length of the belt is constant, the spring in scale B will increase in 
in scale A will decrease by the same amount. Thus, the sum of the readings 
constant: 

length by S and the spring 
in scales A and B remains 


T a +T b = 14 lb + 14 lb 

T a +T b =28 lb (1) 


On the other hand, the sum of the moments of T A and T B about axle must be equal to moment of couple: 


(T b - r A )(9.375 in.) = 105 lb • in., 

T b -T a = 11.21b (2) 


Solving (1) and (2) simultaneously 



T a = 8.40 lb; 

T b = 19.60 lb ◄ 

(b) 

Apply Eq. (8.13) with T 2 -T B , 7j = T A , /? = 180° = n rad. 



r~p |Q /"A 

In 2 =uB: un = In ’ =0.84730 

rs g 40 

ju s = 0.270 ◄ 
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PROBLEM 8.111 

Al 

r— s 

B 

i 

The setup shown is used to measure the output of a small turbine. The 



coefficient of kinetic friction is 0.20 and the reading of each spring scale is 


- 18.75 in. 

16 lb when the flywheel is at rest. Determine (a) the reading of each scale 



when the flywheel is rotating clockwise at a constant speed, (b) the couple 


f A 

JfL 

that must be applied to the flywheel. Assume that the length of the belt does 


not change. 


SOLUTION 


(a) 

Since the length of the belt is constant, the spring in scale B will increase in 
in scale A will decrease by the same amount. Thus, the sum of the readings 
constant: 

length by d and the spring 
in scales A and B remains 


T a +T b = 16 lb + 16 lb 

T a +T b =32 lb (1) 


We now apply Eq. (8.14) with 



T x =T a , T 2 =T b , ju k = 0.20, J3 = 180° = n rad. 



^ = e M " B : -^- = e 0 ' 20 * = 1 .87446 

h t a 

T b =1.87446 T a (2) 


Substituting (2) into (1): 



7^+1.874467^ =32 lb 



T a =11.1325 lb 

T a =11.13 lb ◄ 


From (1): T B = 32 lb -11.1325 lb 



T b = 20.868 lb 

T b = 20.9 lb ◄ 

(b) 

Couple applied to flywheel: 



M — (T b — T A )r 

= (20.868 lb -11.1325 lb)(9.375 in.) 

M =91.3 lb in. )< 
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PROBLEM 8.113 

A flat belt is used to transmit a couple from pulley A to pulley 
B. The radius of each pulley is 60 mm, and a force of 
magnitude P = 900 N is applied as shown to the axle of pulley 
A. Knowing that the coefficient of static friction is 0.35, 
determine (a) the largest couple that can be transmitted, ( b ) the 
corresponding maximum value of the tension in the belt. 
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PROBLEM 8.114 



Solve Problem 8.113 assuming that the belt is looped around 
the pulleys in a figure eight. 

PROBLEM 8.113 A flat belt is used to transmit a couple from 
pulley A to pulley B. The radius of each pulley is 60 mm, and a 
force of magnitude P = 900 N is applied as shown to the axle 
of pulley A. Knowing that the coefficient of static friction is 
0.35, determine (a) the largest couple that can be transmitted, 
(b) the corresponding maximum value of the tension in the belt. 
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PROBLEM 8.115 

The speed of the brake drum shown is controlled by a belt attached to the 
control bar AD. A force P of magnitude 25 lb is applied to the control bar 
at A. Determine the magnitude of the couple being applied to the drum, 
knowing that the coefficient of kinetic friction between the belt and the 
drum is 0.25, that a — 4 in., and that the drum is rotating at a constant 
speed (a) counterclockwise, (b) clockwise. 
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PROBLEM 8.115 (Continued) 


Free body: Control rod 



+)lM c = 0: T 2 (12 in.) — T x (4 in.) — (25 lb)(28 in.) = 0 

2. 1933 7] (12) - 7j (4) - 700 = 0 
T x =31.363 lb 
T 2 =2.1933(31.363 lb) 

T 2 = 68.788 lb 


Return to free body of drum 

+)lM E = 0: M +T X (S in.) — T 2 (8 in.) = 0 

M + (31.363 lb) (8 in.) - (68.788 lb)(8 in.) = 0 

M = 299.4 lb in. M = 299 lb • in. ◄ 
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PROBLEM 8.116 

The speed of the brake drum shown is controlled by a belt attached to the 
control bar AD. Knowing that a — 4 in., determine the maximum value of 
the coefficient of static friction for which the brake is not self-locking 
when the drum rotates counterclockwise. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1351 






PROBLEM 8.117 

The speed of the brake drum shown is controlled by a belt attached to the 
control bar AD. Knowing that the coefficient of static friction is 0.30 and 
that the brake drum is rotating counterclockwise, determine the minimum 
value of a for which the brake is not self-locking. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1352 







PROBLEM 8.118 

1 





Bucket A and block C are connected by a cable that passes over drum B. 



Knowing that drum B rotates slowly counterclockwise and that the 


coefficients of friction at all surfaces are ju s = 0.35 and ju k = 0.25, determine 

mil 

| 30° 

the smallest combined mass m of the bucket and its contents for which 
block C will (a) remain at rest, (b) start moving up the incline, (c) continue 
moving up the incline at a constant speed. 
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PROBLEM 8.119 



Solve Problem 8.1 18 assuming that drum B is frozen and cannot rotate. 

PROBLEM 8.118 Bucket A and block C are connected by a cable that passes 
over drum B. Knowing that drum B rotates slowly counterclockwise and that 
the coefficients of friction at all surfaces are = 0.35 and ju k = 0.25, 
determine the smallest combined mass m of the bucket and its contents for 
which block C will (a) remain at rest, (b) start moving up the incline, 
(c) continue moving up the incline at a constant speed. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1355 





PROBLEM 8.119 (Continued) 


(c) 


Block C : Motion impends \ 

+/' 1.F - 0: N - m c g cos 30° 

N = m c g cos 30° 

F = /j^N = 0.35ni c gcos30° 

+ \Y,F = 0: T x —F — m c g sin 30° = 0 



0.48045/Mg - 035m c g cos 30° - 0.5 m c g = 0 
0.48045/m = 0.803 1 bn c 

m = 1.67158m c =1.67158(100 kg) m = 167.2 kg ◄ 


Smallest /// to keep block moving ' . 

Drum : Motion of cable ( 

ju k = 0.25 

ZL = e A/® = e 0.25(2/3ff) 

^ = 1.6881 

T, 

T = = 0.59238mg 

1.6881 



(2 - /Zcf- gP" raJ/anf 


Block C : Block moves''. 

+/'ZF = 0: N-m c g cos30° = 0 

W = ni c g cos 30° 

F = jU k N = 0.25m c g cos 30° 

+\ ZF = 0: —F—m c g sin 30° = 0 




* * 



N r< 
- 


0.59238/Mg - 0.25//i c g cos 30° - 0.5m c g = 0 
0.59238/m = 0.71 65 1/m c 

mi = 1.20954m c = 1.20954(100 kg) m = 121.0 kg ◄ 
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PROBLEM 8.120 

A cable is placed around three parallel pipes. Knowing that the 
coefficients of friction are ju s = 0.25 and fu k = 0.20, determine 

( a ) the smallest weight W for which equilibrium is maintained, 

( b ) the largest weight W that can be raised if pipe B is slowly 
rotated counterclockwise while pipes A and C remain fixed. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1357 






PROBLEM 8.121 

A cable is placed around three parallel pipes. Two of the pipes are 
fixed and do not rotate; the third pipe is slowly rotated. Knowing 
that the coefficients of friction are // s = 0.25 and fi k = 0.20, 
determine the largest weight W that can be raised (a) if only pipe A 
is rotated counterclockwise, ( b ) if only pipe C is rotated clockwise. 
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PROBLEM 8.122 

A cable is placed around three parallel pipes. Knowing that the 
coefficients of friction are = 0.25 and ju k = 0.20, determine (a) the 
smallest weight W for which equilibrium is maintained, (b) the largest 
weight W that can be raised if pipe B is slowly rotated counterclockwise 
while pipes A and C remain fixed. 
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PROBLEM 8.123 

A cable is placed around three parallel pipes. Two of the pipes are 
fixed and do not rotate; the third pipe is slowly rotated. Knowing 
that the coefficients of friction are // s = 0.25 and ju k = 0.20, 
determine the largest weight W that can be raised (a) if only pipe A 
is rotated counterclockwise, ( b ) if only pipe C is rotated clockwise. 
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PROBLEM 8.124 

A recording tape passes over the 20-mm-radius drive drum B and 
under the idler drum C. Knowing that the coefficients of friction 
between the tape and the drums are ju s = 0.40 and fi k = 0.30 and 
that drum C is free to rotate, determine the smallest allowable value 
of P if slipping of the tape on drum B is not to occur. 
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PROBLEM 8.125 

Solve Problem 8.124 assuming that the idler drum C is frozen and 
cannot rotate. 

PROBLEM 8.124 A recording tape passes over the 20-mm-radius 
drive drum B and under the idler drum C. Knowing that the 
coefficients of friction between the tape and the drums are ju s = 0.40 
and ju k = 0.30 and that drum C is free to rotate, determine the smallest 
allowable value of P if slipping of the tape on drum B is not to occur. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1362 





PROBLEM 8.126 

The strap wrench shown is used to grip the pipe firmly without marring the external surface of the pipe. 
Knowing that the coefficient of static friction is the same for all surfaces of contact, determine the smallest 
value of n s for which the wrench will be self-locking when a — 200 mm, r = 30 mm, and 6 = 65°. 



SOLUTION 


For wrench to be self-locking (P = 0), the value of fi s must prevent slipping of strap which is in contact with 
the pipe from Point A to Point B and must be large enough so that at Point A the strap tension can increase 
from zero to the minimum tension required to develop “belt friction” between strap and pipe. 

Free body: Wrench handle 


Geometry 


In A CDH: 



tan 0 


CD = 


a 

sin 6 


DE = BH = CH - BC 


DE = 


a 

r 

tan 0 


AD = CD - CA = — — r 

sin 0 

On wrench handle +)ZM D = 0: T B (DE)- F(AD)- 0 


a 

T b _ AD _ s j n q 
F DE a 
tan 0 


( 1 ) 
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PROBLEM 8.126 (Continued) 


Free body: Strap at Point A 



Pipe and strap 


Eq. (8.13): 


T x =2F 

P = {2k - 6) radians 

M,P = 

1 \ 

1 , t r 

//. = — In— 2- 

’ P 2 F 


Return to free body of wrench handle 


Since F = jU s N, we have 


-±*IF t =0: Nsin6 + F cos 0-T B = 0 

N T„ 

— sin6^ = — -cos^ 

F F 

1 T 

— sin^ = — - cos^ 

Ms F 


or 


Ms = 


sin 6 


T r „ 
— -cos^ 
F 


(2) 



(4) 


{Note: For a given set of data, we seek the larger of the values of f t from Eqs. (3) and (4).) 


For 


Eq. (1): 


o = 200 mm, r = 30mm, 0 = 65° 
200 mm 


sin65 c 


■30 mm 


200 mm 
tan 65° 
190.676 mm 


63.262 mm 


- 30 mm 
= 3.0141 


n 


P -2k- 0 -2k- 65° = 5.1487 radians 

180° 
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PROBLEM 8.126 (Continued) 


Eq. (3): 


Eq. (4): 


1 , 3.0141 

jU s - In 

' 5.1487 rad 2 

_ 0.41015 

~ 5.1487 

= 0.0797 

_ sin 65° 

~ 3.0141 -cos 65° 

_ 0.90631 
~~ 2.1595 

= 0.3497 


We choose the larger value: 


< 


< 

ju s = 0.350 ◄ 
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PROBLEM 8.127 

Solve Problem 8.126 assuming that 6 = 75°. 

PROBLEM 8.126 The strap wrench shown is used to grip the pipe firmly without marring the external 
surface of the pipe. Knowing that the coefficient of static friction is the same for all surfaces of contact, 
determine the smallest value of /u s for which the wrench will be self-locking when a = 200 mm, r = 30 mm, 
and 0 = 65°. 



SOLUTION 


For wrench to be self-locking (P = 0), the value of /i s must prevent slipping of strap which is in contact with 
the pipe from Point A to Point B and must be large enough so that at Point A the strap tension can increase 
from zero to the minimum tension required to develop “belt friction” between strap and pipe. 

Free body: Wrench handle 


Geometry In A CDH: 


On wrench handle 



CD = 


tan 6 

a 


sin 0 

DE - BH = CH - BC 

a 

DE = ■ 


— r 
tan 0 

AD = CD - CA = ■ 


sin 0 

+)lM D = 0: T b (DE)-F(AD) = 0 


T b _ AD _ S j n 0 


DE 


a 

tan# 


(i) 
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PROBLEM 8.127 (Continued) 


Eq. (3): 


Eq. (4): 


1 , 7.5056 

//, = In 

' 4.9742 rad 2 

_ 1.3225 

~ 4.9742 

= 0.2659 

sin 75° 

~ 7.5056 -cos 75° 

_ 0.96953 
~ 7.2468 

= 0.1333 


We choose the larger value: 


< 


< 

ju s = 0.266 ◄ 
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PROBLEM 8.128 


The 10-lb bar AE is suspended by a cable that passes over a 5-in. -radius 
drum. Vertical motion of end E of the bar is prevented by the two stops 
shown. Knowing that ju s = 0.30 between the cable and the drum, determine 
(a) the largest counterclockwise couple M 0 that can be applied to the drum 
if slipping is not to occur, ( b ) the corresponding force exerted on end E of 
the bar. 
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PROBLEM 8.129 

Solve Problem 8.128 assuming that a clockwise couple M 0 is applied to the 
drum. 

PROBLEM 8.128 The 10-lb bar AE is suspended by a cable that passes over a 
5-in. -radius drum. Vertical motion of end E of the bar is prevented by the two 
stops shown. Knowing that ju s =0.30 between the cable and the drum, 
determine (a) the largest counterclockwise couple M 0 that can be applied to 
the drum if slipping is not to occur, (b) the corresponding force exerted on end 
E of the bar. 
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V 

£ 

PROBLEM 8.130 

zM 

Prove that Eqs. (8.13) and (8.14) are valid for any shape of surface provided that 
the coefficient of friction is the same at all points of contact. 

L\ 



T, 

t 2 
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PROBLEM 8.131 


Complete the derivation of Eq. (8.15), which relates the tension in both parts of a V belt. 
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PROBLEM 8.132 

Solve Problem 8.1 12 assuming that the flat belt and drums are replaced by a 
V belt and V pulleys with a - 36°. (The angle a is as shown in Figure 8. 1 5a.) 

PROBLEM 8.112 A flat belt is used to transmit a couple from drum B to 
drum A. Knowing that the coefficient of static friction is 0.40 and that the 
allowable belt tension is 450 N, determine the largest couple that can be 
exerted on drum A. 
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PROBLEM 8.133 



240 mm 



Solve Problem 8.113 assuming that the flat belt and pulleys are 
replaced by a V belt and V pulleys with a = 36°. (The angle a is 
as shown in Figure 8. 1 5a.) 

PROBLEM 8.113 A flat belt is used to transmit a couple from 
pulley A to pulley B. The radius of each pulley is 60 mm, and a 
force of magnitude P = 900 N is applied as shown to the axle of 
pulley A. Knowing that the coefficient of static friction is 0.35, 
determine ( a ) the largest couple that can be transmitted, ( b ) the 
corresponding maximum value of the tension in the belt. 
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SOLUTION 

Assume equilibrium : 

+/ZF y = 0: N - (800 N) cos 25° + (200 N) sin 10° = 0 

N = 690.3 N N = 690.3 n( 

'■S.Zf; = 0: -F + (800 N)sin 25° -(200 N)cos 10° = 0 

F = 141.13 N F = 141.13N\ 

F,n =M s N 

= (0.20)(690.3 N) 

= 138.06 N 

Since F > F m , Block moves down \ A 

Friction force: 

F = M k N 
= (0.15)(690.3 N) 

= 103.547 N F = 103.5 N \ ◄ 



Iff f 

Maximum friction force: 
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PROBLEM 8.135 

B c 

A 4kg41^ 

Three 4-kg packages A, B, and C are placed on a conveyor belt that is at 
"S' rest. Between the belt and both packages A and C the coefficients of 

friction are ju s - 0.30 and ju k = 0.20; between package B and the belt 
the coefficients are // s = 0.10 and jU k =0.08. The packages are placed 
on the belt so that they are in contact with each other and at rest. 
Determine which, if any, of the packages will move and the friction 
force acting on each package. 


SOLUTION 

Consider C by itself : Assume equilibrium 

+ v '~ HF y = 0: N c -W cos 15° = 0 

N c = W cos 15° = 0.966W 
+/ ZF X = 0: F c - W sin 15° = 0 

F c —W sin 15° = 0.259 W 

But F m = fi s N c 

= 0.30(0.966 W) 

= 0.290 W 


Thus, F c < F m 



Package C does not move M 


F c = 0.259 W 

= 0.259(4 kg)(9.81 m/s 2 ) 

= 10.16 N 

F c =10.16 N / ◄ 


Consider B by itself : Assume equilibrium. We find, 

F b = 0.259W 
N b = 0.9661T 

But F m =ju s N B 

= 0. 10(0.966 W) 
= 0.0966 W 


Thus, F b > F m . 


Package B would move if alone M 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1376 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1377 





PROBLEM 8.136 

The cylinder shown is of weight W and radius r. Express in terms W and r the 
magnitude of the largest couple M that can be applied to the cylinder if it is not to 
rotate, assuming the coefficient of static friction to be (a) zero at A and 0.30 at B, 
( b ) 0.25 at A and 0.30 at B. 


SOLUTION 


FBD cylinder: 

For maximum M, motion impends at both A and B 

Fa ~ Ba^ a 
F b ~ Bb^b 

— XF x = 0: N A -F B =0 

Na ~ F b — Bb^b 

Fa ~ Ba^ a ~ BaBb^b 
fXF v =0: N B + F A - W =0 
N b (1 + /IaBb) = W 

or N b = W 

1 + BaBb 


and 


Fb ~ Bb^b ~ 


Bb 
^ + BaBb 


-W 


F a =BaBbNb = / A ^ B W 
1 + BaBb 

(ZM C = 0: M-r(F A + F B ) = 0 

1 + Ba 


M = Wrju B 


1 + BaBb 


(a) For Ba~ 0 an d fl B ~ 0.30: 

( b ) For Ba ~ 0-25 and Bb ~ 0-30: 



M = 0.300Wr ◄ 
M = 0.349 Wr ◄ 
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PROBLEM 8.137 

End A of a slender, uniform rod of length L and weight W bears on a 
surface as shown, while end B is supported by a cord BC. Knowing that 
the coefficients of friction are fj s = 0.40 and ju k = 0.30, determine (a) the 
largest value of 6 for which motion is impending, ( b ) the corresponding 
value of the tension in the cord. 


SOLUTION 

Free-body diagram 

Three-force body. Line of action of R must pass through D, where T and R intersect. 

Motion impends: 

tan <p s = 0.4 
<p s - 21.80° 

(a) Since BG — GA, it follows that BD = DC and AD bisects ABAC 


C 



0 


+ d> =90° 


— + 21.8° = 90° 
2 


<9 = 136.4° ◄ 


( b ) Force triangle (right triangle): 

T = W cos 21.8° 


VV 



a 


T = 0.928VF ◄ 
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A t 

— 1.2 in - 

B 

PROBLEM 8.138 


, c M 


IT i 15° 


0.9 


F ^ 

D 

A worker slowly moves a 50-kg crate to the left along a loading dock by 
applying a force P at corner B as shown. Knowing that the crate starts to 
tip about the edge E of the loading dock when a — 200 mm, determine (a) 

L 

a 

E 


the coefficient of kinetic friction between the crate and the loading dock, 



( b ) the corresponding magnitude P of the force. 


SOLUTION 


Free body: Crate Three-force body. 

Reaction E must pass through K where P and W intersect. 

Geometry : 

(a) HK = (0.6 m) tan 15° = 0.16077 m 



JK = 0.9 m +HK = 1.06077 m 

tan 6, = °' 4m = 0.37708 

s 1.06077 m 

</> s = 20 . 66 ° 

W = (50 kg)(9.81 m/s) 

= 490.5 N 

P _ 490.5 N 
sin 20.66° _ sin 84.34° 

P = 173.91 N 


Force triangle : 
(b) 

Law of sines: 


jU s = tan <p s = 0.377 4 
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36 in. 


PROBLEM 8.139 



§) 


§ 




| A 

b\ 


A window sash weighing 10 lb is normally supported by two 5-lb sash 






weights. Knowing that the window remains open after one sash cord 






has broken, determine the smallest possible value of the coefficient of 






static friction. (Assume that the sash is slightly smaller than the frame 






and will bind only at Points A and D.) 


1 C 

D 

— 

- 


SOLUTION 





FBD window: 

T=51b 

.1 

c« 

T 

Impending motion: 

— ^ t = 0: A a -A o =0 

n a =n d ~* \ 

\ 

Z1 i*. 

1 

f a=Ms N a _L 

/> 6 

. — — 4— 

If S' 

/■ -A 



F d = Ms N n 

(ZAf D = 0: (1 8 in.)lV - (27 in.)7V A -(36in.)F A =0 

IV = 101b 

* *!» 



W = ^N a + 2jU s N a 
3 + 4// s 




o 

ii 

fcT 

F a -W + T + F d = 0 





w 

f a +f d =W-T = — 



Now 


F A + F D = Ms (N a + N d ) 

= 2 fi,N A 



Then 


W . 21V 

— = 2// 

2 *3 + 4fi. 



or 



ju s = 0.750 ◄ 
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PROBLEM 8.140 

The slender rod AB of length 1 = 600 mm is attached to a collar at B and rests on 
a small wheel located at a horizontal distance a — 80 mm from the vertical rod 
on which the collar slides. Knowing that the coefficient of static friction between 
the collar and the vertical rod is 0.25 and neglecting the radius of the wheel, 
determine the range of values of P for which equilibrium is maintained when 
Q - 100 N and Q = 30°. 
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120 Hi A 

=> - n 


8 in. 



PROBLEM 8.141 

The machine part ABC is supported by a frictionless hinge at B and a 
10° wedge at C. Knowing that the coefficient of static friction is 0.20 
at both surfaces of the wedge, determine (a) the force P required to 
move the wedge to the left, ( b ) the components of the corresponding 
reaction at B. 


SOLUTION 


Free body: ABC 


Ms = 0.20 

<p s = tan^ 1 jU s = tan- 1 0.20 = 1 1.3099° 


\20 tlo 



10° + 1 1.3099° = 21.3099° 

+)IM B =0: (R c cos 21.3099°)(10) - (120 lb)(8) = 0 

R c = 103.045 lb 


Free body: Wedge 


Force triangle: 
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PROBLEM 8.141 (Continued) 


Law of sines: 


P _(Rc= 103-045 lb) 
sin 32.6198° ~~ sin 78.690° 


(a) P = 56.6 lb -* — -4 

( b ) Returning to free body of ABC : 

■±* X F x = 0: B x + 120 - (103.045) sin 21.3099° = 0 

B x = -82.552 lb B t = 82.6 lb — ◄ 

+t XF V = 0: B y +(103. 045) cos 21.3099° = 0 

B y = —96.000 lb B v =96.0 lb J 4 
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PROBLEM 8.142 

A conical wedge is placed between two horizontal plates that are then slowly 
moved toward each other. Indicate what will happen to the wedge (a) if 
ju s = 0.20, (b) if ju s = 0.30. 


SOLUTION 



As the plates are moved, the angle 9 will decrease. 

(a) <p s = tan -1 ju s = tan -1 0.2 = 11.31°. 

As 9 decrease, the minimum angle at the contact approaches 

12.5° > (j) s = 11.31°, so the wedge will slide up and out from the slot. A 


( b ) ^=tan 1 jU s - tan 1 0.3 = 16.70°. 

As 9 decreases, the angle at one contact reaches 16.7°. (At this 

time the angle at the other contact is 25° - 16.7° = 8.3° < <p s ). The wedge binds in the slot. A 
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D 



1.75 in. 
0.75 in. 
1.25 in. 


PROBLEM 8.143 

In the machinist’s vise shown, the movable jaw D is rigidly attached 
to the tongue AB that fits loosely into the fixed body of the vise. The 
screw is single-threaded into the fixed base and has a mean diameter 
of 0.75 in. and a pitch of 0.25 in. The coefficient of static friction is 
0.25 between the threads and also between the tongue and the body. 
Neglecting bearing friction between the screw and the movable 
head, determine the couple that must be applied to the handle in 
order to produce a clamping force of 1 kip. 
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75 mm 



30 kg 


PROBLEM 8.144 

A lever of negligible weight is loosely fitted onto a 75 -mm- 
diameter fixed shaft. It is observed that the lever will just start 
rotating if a 3 -kg mass is added at C. Determine the coefficient 
of static friction between the shaft and the lever. 
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PROBLEM 8.145 

In the pivoted motor mount shown the weight W of the 
175-lb motor is used to maintain tension in the drive belt. 
Knowing that the coefficient of static friction between the 
flat belt and drums A and B is 0.40, and neglecting the 
weight of platform CD, determine the largest couple that 
can be transmitted to drum B when the drive drum A is 
rotating clockwise. 


SOLUTION 

FBD motor and mount: 



Impending belt slip: cw rotation 

T 2 = T x e^ p = T x e QAOn = 3.51367] 

= 0: (12 in.)(175 lb) - (7 in.)T 2 - (13 in.)?; = 0 

2100 lb = [(7 in.)(3.5 136) + 13 in.]?; 

7J =55.858 lb, T 2 = 3.51367, = 196.263 lb 

FBD drum at B : 

IM B =0: M b - (3 in.)(196.263 lb - 55.858 lb) = 0 
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m s = 0.45 
m k = 0.35 

PROBLEM 8. FI 


7.5 kg 


Draw the free-body diagram needed to determine the smallest force P for 
which equilibrium of the 7.5-kg block is maintained. 


Q 
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PROBLEM 8.F2 


Two blocks A and B are connected by a cable as shown. Knowing 
that the coefficient of static friction at all surfaces of contact is 0.30 
and neglecting the friction of the pulleys, draw the free-body 
diagrams needed to determine the smallest force P required to move 
the blocks. 
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PROBLEM 8.F3 



The cylinder shown is of weight W and radius r, and the coefficient of static 


f s — * \ 

friction ju s is the same at A and B. Draw the free-body diagram needed to determine 

a; 

V vJ'* / 

the largest couple M that can be applied to the cylinder if it is not to rotate. 


B 



SOLUTION 


Free body: Cylinder 



For maximum M, motion impends at both A and B, with 

Fa=M,N a 

= Ms 
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PROBLEM 8.F4 

A uniform crate of mass 30 kg must be moved up along the 15° incline 
without tipping. Knowing that the force P is horizontal, draw the free-body 
diagram needed to determine the largest allowable coefficient of static friction 
between the crate and the incline, and the corresponding force P. 


SOLUTION 


Free body: Crate 


W = (30 kg) (9.81 m/s 2 ) = 294.3 N 



For impending tip, N must act at C. 

For impending slip, F m = // max N 
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CHAPTER 9 
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SOLUTION 


For x-a: 


Thus: 



dl v = x 1 dA — x 2 ydx 


dl, = x 9 -T7rX ll3 dx = -f^rx u3 dx 


1/3 


'■=h=^L 


y a m 


1/3 

a 

7/3 , b 

x dx = — — 

0 a 1/3 


10/3 


10 


/ =—ci 3 b -4 

y 10 
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V 


PROBLEM 9.3 


li 

i 

^ l« 




— ^ Determine by direct integration the moment of inertia of the shaded 


-* a 

h area with respect to the y axis. 

i 

X 
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SOLUTION 


For x-a: 


Thus: 


_y = kx 4 
b = ka A 




dA = (b- y)dx 




I y =4a 3 b/2\ ◄ 
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y 

y=^ kx ^~y/ 

PROBLEM 9.10 

Determine by direct integration the moment of inertia of the shaded area 
— jr with respect to the x axis. 

b 

1 




a 
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SOLUTION 

At 


PROBLEM 9.12 

Determine by direct integration the moment of inertia of the shaded area 
with respect to the y axis. 


Xi=a, y l = y 2 =b 


>i ; 

b 

ka 2 

or 

k = 

b 

a 2 

3V 

h = 

ma 

or 

m = 

b 

a 


b 2 
yi=~ x 



b 

y 2 =-x 

a 


2 o 2 b b 2 | 

dl = x dA = x [(y 2 — y 1 )dx = x —x — x \dx 


a a 


= \dl = f‘' bf-x 3 — l -x 4 
J y Jo a 


; r i 4 i 5 

-b — x —x 

4 a 5 a~ 


or I = — a 3 b A 
y 20 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 





y 


PROBLEM 9.13 

Determine by direct integration the moment of inertia of the shaded area 
— jr with respect to the x axis. 

b 

1 




a 
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SOLUTION 


For 


Thus, 


. 1/2 


>’i = k\X y 2 = k 2 x 
x - 0 and y { = y 2 -b 


b — k x a~ 

k ~ — 

K l ~ 2 


7 7 1/2 

b = k 2 a 

k -J- 



>i =- 


y 2 =■ 


1/ 2 


, 1/2 


dA = (y 2 — y x )dx 


A = 


1/2 


.1/2 


A = — 


2 ba yi ba 3 


3 o 1/2 3a 2 


c/.r 




k T 


T R 


-iB 


re r 

a, 


A = — oZ? 

3 

dl x ^yldx-^yldx 

1 3/2 , 1 6 , 

= — x ax -x ax 

o 3/2 a 6 




3a 6 J o 


x dx 


3a J/z Jo 

,3 5/2 

^1 if 

3 « 3/2 (f) 3a 6 7 1 15 21 , 


Z? 2 a 7 T 2 


l x =—ab 3 ◄ 
35 


A 



k — h - 

ab 

* x 


9_ 

35 
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PROBLEM 9.19 


1 / -2b - cx 2 



Determine the moment of inertia and the radius of gyration of the shaded 
area shown with respect to the x axis. 
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PROBLEM 9.20 


1 / = 2b - cx 2 



Determine the moment of inertia and the radius of gyration of the shaded 
area shown with respect to the y axis. 
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PROBLEM 9.20 (Continued) 


Then 


and 


I y - f dl = f ^-x 2 (a 2 - x’)dx 

J J 0 Q~ 


2b 

~2 


1 2 3 1 5 

—a x x 



15 a b _ 1 2 

Jab 


or 



◄ 


or 
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PROBLEM 9.21 



\ / 

( 

Determine the polar moment of inertia and the polar radius of gyration of the 
j shaded area shown with respect to Point P. 

1 *\P 1 

a > a > a K a _J 

2 2 2 **- 2 ' 
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PROBLEM 9.22 



Determine the polar moment of inertia and the polar radius of 
gyration of the shaded area shown with respect to Point P. 
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PROBLEM 9.22 (Continued) 


Now 


and 


TIT 16 J 3 4 3 7 

J p — / + I — — ctb H — n b 

P x y 3 3 


2 _Jp_ ^ ab(a 2 +4b 2 ) 

P ~ A ~ (2a)(3b)-}(2a)(2b) 


= -(a 2 +4b 2 ) 
3 


J P =-ab(a‘- + 4b 2 ) 


◄ 


or 
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y 


PROBLEM 9.23 

-2 a 

-< 2 a *4 


K y = c + k 2 x 2 

] — j- Determine the polar moment of inertia and the polar radius of 



\ gyration of the shaded area shown with respect to Point P. 

y — kpf \ 

i 

/ c 

1 

1 


J 

P 

( 

X 
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PROBLEM 9.23 (Continued) 


Then 


Also 


Then 


Now 

and 


I = \dl = 2 f 2a — !— ( 64 a 6 + 48 a 4 x 2 +I 2 a 2 x 4 -lx 6 )dx 
J Jo 192 a 3 


1 


96 a 3 

1 


2 a 
0 


96 a 3 

= — n 4 l 

96 a I 


64 a 6 x + 16 a 4 n ' 3 + —a 2 x 5 — x 
5 

64 a 6 ( 2 a) + 16 a 4 ( 2 a ) 3 + -^a 2 ( 2 a ) 5 -( 2 a ) 7 


128 + 


128 +— x 32 - 128 l = — a 4 
5 J 15 


— ( 4 a ’ - x 2 )*/.* 
4 a 


J/ v = x 2 dA = x 

I=\dl= 2 \ —x 2 {4 a 2 -x 2 )dx- — 
y i y io 4 a 2 a 


1 

2 a 


^-a 2 ( 2 a ) 3 --^-( 2 a ) 5 


32 4 

fl o 

= — a 


2 

U 5 ) 


4 2 3 1 5 

— a x x 

3 5 


= — a 
15 


\2a 


tit 32 4 32 4 

— / r + / — Cl H (2 

P x y 15 15 


, 64 4 ^ 

or J p - — a 
P 15 


J —a 4 8 

2 _ J P _ 15° _ 0 „2 

P ~ ~ O 1 ~ r. “ 


ki = 

A fa 2 5 


or & p = 1 . 265 a ^ 
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PROBLEM 9.24 



Determine the polar moment of inertia and the polar radius of gyration 
of the shaded area shown with respect to Point P. 
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PROBLEM 9.24 (Continued) 


Then 


Also 

Then 

Let 

Then 


Now 

Then 


/ =: 


. r * /2 41 

/ i \ 4 

1 . 2 ^),^ r 

0 sin 40 

2 r\ 

— sin 2 26 \d6 = — | 


J -n! 6 

U J 2 

.2 8 


\7i!2 


2 

4 f 

r 

H 


-i-7r/6 

jr sin -2^ 


V ' 


n V3 


dl, = -^'dy - i|,," - - j dy 
y-rsinO; dy — rcosOdO 

I y =\ rV-lrsintf ) 2 ] 372 

V 3 j -71/6 


3 J -71/6 

2 r I/2 ^ o 

/ =— (r 3 cos 3 0)r cos OdO 

y 3 J —z/6 V 


rcosOdO 


cos 4 0 = cos 2 0( 1 - sin 2 0) = cos 2 0 - —sin 2 20 

4 


2 r*n 4 


' 3 J -#/6 


1 


r I cos 0 sin 2 0 \d0 


3 


0 sin 20 \ 1 

2 ~T 


' 0 

sin 40 Y 

v 2 

8 J. 


-\k!2 


- — r 
3 


2 4 
: — r 
3 


2 4 
: — r 

3 


f K \ 
2 


-f + sin-f 1 

1 1 N 
\o\ 

■ 2n A 

sin 

ii 

l 2 J 


2 4 4 

l 2 

8 J 

Jj 


_2 

2 4 


k n k 1 
4 16 12 4 


L/T 1 

V 2 / 


K 1 

48 32 


V 2 J 


n_ 9^3 
V 4 + 64, 
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PROBLEM 9.24 (Continued) 


Now 


and 


J P - 1 x + 1 y - — 


k V3 


2 4 

H — r 

3 


n_ 9^3 

V 4 + 64, 


= r 


n y/3 


= 1.1 5545 r 


or J P =1.155r 4 A 


2 _ J P _ 1-15545 r 
P ~ A ~ 2.5274r 2 


or k p = 0.676 r A 
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PROBLEM 9.25 



X 


(a) Determine by direct integration the polar moment of inertia of the 
semiannular area shown with respect to Point (). ( b ) Using the result of 
part a, determine the moments of inertia of the given area with respect 
to the x and y axes. 
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y 


PROBLEM 9.26 


( a ) Show that the polar radius of gyration k a of the semiannular area 
shown is approximately equal to the mean radius R,„ — (R\ + AS )/2 for 
small values of the thickness t=R 2 - R\. (b) Determine the percentage 
error introduced by using R m in place of k 0 for the following values of 
tIRm- 1,2’ and 1 q- 
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PROBLEM 9.26 (Continued) 


(b) The percentage error, % error, is given by 


% error = — — — x 1 00% 


-l 


R,„-JRi+}t 2 




-x!00% 


Rl+\t 2 


xl00% 


1 + 


/i M 2 

l 2 R J 


Then, for 




f 

II 

% error = 

1 

v a/ 1 + (2 +1 ) 


A 

1 x!00% 


or % error = -10.56% A 


t 1 „ 

= — : % error = 

R 2 


a / 1 + (t x t ) 2 


xl00% 


or % error = -2.99% A 


t _ i 


f 




% error 



1 


xl00% 


J 


or % error = -0.1248% A 
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PROBLEM 9.28 



Determine the polar moment of inertia and the polar radius of gyration of 
the isosceles triangle shown with respect to Point O. 
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PROBLEM 9.29* 

Using the polar moment of inertia of the isosceles triangle of Problem 
9.28, show that the centroidal polar moment of inertia of a circular area of 
radius r is nr A /2. (Hint: As a circular area is divided into an increasing 
number of equal circular sectors, what is the approximate shape of each 
circular sector?) 

PROBLEM 9.28 Determine the polar moment of inertia and the polar 
radius of gyration of the isosceles triangle shown with respect to Point O. 


SOLUTION 


First the circular area is divided into an increasing number of identical circular sectors. The sectors can be 
approximated by isosceles triangles. For a large number of sectors the approximate dimensions of one of the 
isosceles triangles are as shown. 

For an isosceles triangle (see Problem 9.28): 

bh —A , ,2, 


Then with 


Now 


Then 


J n =— (12/7“+ Zr) 
0 48 


b = rAG and h-r 


1 


(A J 0 ) sector - — (rAG)(r)[l2H + (rAGY ] 


48 

= — YAG\ (12 + A G 
48 


’(12 + A G 2 ) 


dJ, 


O sector 

dG 


= lim 

A<9h>0 


A J, 




O sector 


AG 


= lim 


J 


a#— > o 48 


1 


[12 + (A6>)-] 


.1/ 

4 


(Jo). 


O ''circle 




2 n 
10 


M 

/ 

/ 



y x 


0 

* r 



11 J 

Lj— r A.S 

or (J, 

) - — r 4 ◄ 

D ''circle ^ ” 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1432 





PROBLEM 9.30* 

Prove that the centroidal polar moment of inertia of a given area A cannot be smaller than A 1 12k. (Hint: Compare 
the moment of inertia of the given area with the moment of inertia of a circle that has the same area and the 
same centroid.) 


SOLUTION 

From the solution to sample Problem 9.2, the centroidal polar moment of inertia of a circular area is 

(J C \ dr =f 

The area of the circle is 

4 * = 

So that [^c( A )] C ir =^~ 

Two methods of solution will be presented. Flowever, both methods depend upon the observation that as a given 
element of area dA is moved closer to some Point C. The value of J c will be decreased ( J c = { r 2 d/\: as r 
decreases, so must J c ). 


Solution 1 


Imagine taking the area A and drawing it into a thin strip of negligible width and of sufficient length so that its 
area is equal to A. To minimize the value of (J C ) A , the area would have to be distributed as closely as 
possible about C. This is accomplished by winding the strip into a tightly wound roll with C as its center; any 
voids in the roll would place the corresponding area farther from C than is necessary, thus increasing the value 
of ( J C ) A . (The process is analogous to rewinding a length of tape back into a roll.) Since the shape of the roll 
is circular, with the centroid of its area at C, it follows that 



where the equality applies when the original area is circular. 
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PROBLEM 9.30* (Continued) 


Solution 2 

Consider an area A with its centroid at Point C and a circular area of area A with its center (and centroid) at 
Point C. Without loss of generality, assume that 


It then follows that 


Now observe that 


A - A A — A 

(A ) A = Vc Ar + [/ c (A)-A:(A) + A:(A)-A(A)J 

AAA) - AAA) 

AAA) _ AAA)-0 


since as a given area is moved farther away from C its polar moment of inertia with respect to C must 
increase. 


(AAa - (AAcir 


or (i c )„>f Q-E-D- 

IK 


◄ 
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12 mm 



PROBLEM 9.31 

Determine the moment of inertia and the radius of gyration of the 
shaded area with respect to the x axis. 


SOLUTION 

First note that 


Now 

where 


Then 


and 


A — Aj + A, + A 3 

= [(24)(6) + (8)(48) + (48)(6)] mm 2 
= (144 + 384 + 288) mm 2 
= 816 mm 2 

I x =(I x ) i +(I x ) 2 +V x ) 3 


(I x \ = ^(24 mm)(6 mm) 3 + (144 mnr)(27 mm) 2 

= (432 + 104,976) mm 4 
= 105,408 mm 4 

(I x ) 2 = — (8 mm)(48 mm) 3 =73,728 mm 4 

(/ r ) 3 =j^-(48 mm)(6 mm) 3 +(288 mm 2 )(27 mm) 2 
= (864 + 209,952) mm 4 = 210,816 mm 4 



I x = (105,408 + 73,728 + 210,816) mm 4 


= 389,952 mm 4 

k 2 _ I x _ 389,952 mm 4 
* ~ A~ 816 mm 2 


or / A =390xl0 3 mm 4 ◄ 
or k x = 2 1 .9 mm 4 
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i m . 2 in. -« 2 in. *j 


PROBLEM 9.32 

Determine the moment of inertia and the radius of gyration of the 
shaded area with respect to the x axis. 


i . 

tr in - — 


SOLUTION 


First note that 


A = A 1 - A, - A 3 
= [(5)(6) - (4)(2) - (4)(1)] in 2 
= (30-8-4) in 2 
= 18 in 2 


where 




(/,), = — (5 in.)(6 in.) 2 = 90 in 4 


(J x h =~(4 in.)(2 in.) 3 +(8 in 2 )(2 in.) 2 

= 34- in 4 
3 



(7 ) 3 = — (4 in.)(l in.) 3 + (4 in ) — in. 


= 9- in 4 
3 


/ =[90 -34- -9- 1 in 4 
x 1 3 3 


I =46.0 in 4 ◄ 


2 7 ^^ 463 )^ 

* ~ A~ 18 in 4 


k r =1.599 in. ◄ 
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12 mm 

uY. 


12 mm 


6 mm 


24 mm 


24 mm 


6 mm 




24 mm — *~r * — 24 mm 


-A 


PROBLEM 9.33 

Detennine the moment of inertia and the radius of gyration of the 
shaded area with respect to the y axis. 


SOLUTION 

First note that 


Now 

where 


Then 


and 


A — Aj + At + A 3 

= [(24 x 6) + (8)(48) + (48)(6)] mm 2 
= (144 + 384 + 288) mm 2 
= 816 mm 2 

I y =(I y ) 1 +(I y ) 2 +(I y ) 3 


(I y )i = -^-(6 mm)(24 mm) 3 = 6912 mm 4 
(/ v ) 2 = ~(48 mm)(8 mm) 3 = 2048 mm 4 
(/ v ) 3 = ~(6 mm)(48 mm) 3 =55,296 mm 4 

I y =(69 12 + 2048 + 55, 296) mm 4 = 64,256 mm 4 



1^2 _ Iy _ 64,256 mm 4 
' A 816 mm 2 


or 7 V = 64.3xl0 3 mm 4 A 
or k y = 8.87 mm A 
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iin. — *j 2 in.— 2 in. — *-j |-« — d- in. 


PROBLEM 9.34 

Determine the moment of inertia and the radius of gyration of the 
shaded area with respect to the y axis. 


i . 

o ln - — 


1 . 
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PROBLEM 9.35 

Determine the moments of inertia of the shaded area shown with 
respect to the x and y axes when a — 20 mm. 


SOLUTION 

By symmetry: I : -I 

Given area = square - 4(semicircles) 



I = — (80 mm) 4 = 3.413X10 6 mm 4 
* 12 

I AA , - —(20 mm) 4 = 62.83 xlO 3 mm 4 
8 

I AA’ = I x' + A( l~ 

62.83X10 3 mm 4 = f + f(20 mm) 2 (8.488 mm) 2 

T x . = 17.56 xlO 3 mm 4 

I x = 7 X , + A(40 mm - 8.488 mm) 2 

= 17.56xl0 3 mm 4 +^(20 mm) 2 (31.512 mm) 2 

I x = 64 1.5 xlO 3 mm 4 


Square 
Semicircle 1: 
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PROBLEM 9.35 (Continued) 


Semicircle 2: Same as 1: l x — 641.5xl0 3 mm 4 

Semicircles 3 and 4 are equivalent to one 20-mm circle when computing I x 

I -—(20 mm) 4 = 125.66xl0 3 mm 4 
’ 4 

Entire area = square — 4 (semicircles) 

7 t =3.413xl0 6 mm 4 - 2(641.5 xlO 3 mm 4 )-125.66xl(T 3 mm 4 
= 2.0047 xlO 6 mm 4 


I x = I y - 2.00 x I0 6 mm 4 ◄ 
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PROBLEM 9.37 

The shaded area is equal to 50 in 2 . Determine its centroidal moments 
of inertia I x and I , knowing that / = 21 x and that the polar moment 
of inertia of the area about Point A is J A — 2250 in 4 . 


SOLUTION 







Given: 

A = 50 in 2 I y = 21 x , J A = 2250 in 4 



y 




J A =J C + A(6 in.) 2 




■5 



2250 in 4 = 7 C + (50 in 2 )(6 in.) 2 

Ty. 

Co vn. 

| 

// // 

w 

1 

1 



J c = 450 in 4 

1 



'»& 





'a 



J C - h + K with ] y = 21 , 







450 in 4 = T x + 2/ r 



I x =150.0 in 4 

◄ 




J y- 

= 2 T x = 300 in 4 

◄ 
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y 


d 


x 



PROBLEM 9.38 

The polar moments of inertia of the shaded area with respect to 
Points A, B , and D are, respectively, J A = 2880 in 4 , J B = 6720 in 4 , 
and J D = 4560 in 4 . Determine the shaded area, its centroidal moment 
of inertia J c , and the distance d from C to D. 


SOLUTION 


See figure at solution of Problem 9.39. 


Given: 7 A = 2880in 4 , J B — 6720 in 4 , J D - 4560 in 4 


J B = J c + A(CB ) 2 ; 6720 in 4 = J c + A(6 2 + d 2 ) 

(1) 

J D = J c + MCD ) 2 ; 4560 in 4 = 7 C + Ad 2 

(2) 

Eq. (1) subtracted by Eq. (2): J B — J D — 2160 in 4 = A(6) 2 

A= 60.0 in 2 ◄ 

J A = J c + A(AC) 2 ; 2880 in 4 = J c +(60 in 2 )(6 in.) 2 

J c = 720 in 4 ◄ 

Eq. (2): 4560 in 4 = 720 in 4 +(60 in 2 )d 2 

d = 8.00 in. 4 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1443 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1444 







PROBLEM 9.40 

( 

^ C# )d 

Knowing that the shaded area is equal to 7500 mm' and that its moment 

\ 


of inertia with respect to AA' is 31 x 10 6 mm 4 , determine its moment of 

A 

W a ' 

inertia with respect to BB', for d\ — 60 mm and A = 15 mm. 

B 
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PROBLEM 9.41 

Determine the moments of inertia I x and I of the area shown with 
respect to centroidal axes respectively parallel and perpendicular to 
side AB. 


SOLUTION 



First locate centroid C of the area. 
Symmetry implies Y — 30 mm. 



A, mm 2 

x, mm 

xA, mm 3 

1 

108x60 = 6480 

54 

349,920 

2 

-2x72x36 = -1296 
2 

46 

-59,616 

Z 

5184 


290,304 


Then 

or 

Now 

where 


X YLA = ZxA : X (5 184 mm 2 ) = 290,304 mm 3 
X = 56.0 mm 

(/A = — (108 mm)(60 mm) 3 = 1.944xl0 6 mm 4 


12 


(C) 2 = 2 


i 


— (72 mm)(18 mm) +| — x72 mm x 1 8 mm |(6 mm) 
36 


= 2(1 1, 664 + 23, 328) mm 4 = 69.984 x 10 3 mm 4 


[(/ r ), is obtained by dividing A 2 into A I 
Then 


/ =(1.944-0.069984)xl0 6 mm 4 


or I x =1. 874X10 6 mm 4 ◄ 
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SOLUTION 

First locate C of the area. 
Symmetry implies X — 1 8 mm. 



A, mm 2 

y, mm 

yA, mm 3 

1 

36x28 = 1008 

14 

14,112 

2 

2x36x42 = 756 
2 

42 

31,752 

Z 

1764 


45,864 



Then 


Now 

where 


Then 


YZA = Z,yA: Y (1764 mm 2 ) = 45,864 mm 3 
or Y - 26.0 mm 

i x = (iA + (i,)i 

(I x \ = j 2(36 mm)(28 mm) 3 +(1008 mm 2 )[(26 - 14)mm] 2 

= (65,856 + 145, 152) mm 4 = 21 1.008 xlO 3 mm 4 

(1 x ) 2 - —(36 mm)(42 mm) 3 +(756 mm 2 )[(42 - 26) mm] 2 
36 

= (74, 088 + 193,536) mm 4 = 267.624X 10 3 mm 4 
T x = (211.008 + 267.624)xl0 3 mm 4 


or I x — 479xl0 3 mm 4 ◄ 
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PROBLEM 9.42 (Continued) 


AlSO Iy — (I y \ + (Iy) 2 

where (7 v )j =^-(28mm)(36mm) 3 = 108.864xl0 3 mm 4 

1 , (l ) 

(/,,),= 2 — (42mm)(18mm) + — xl8mmx42mm (6mm) 

L 36 V2 ) 

= 2(6804 + 1 3, 608) mm 4 = 40. 824 x 1 0 3 mm 4 
[(/ v ) 2 is obtained by dividing A 2 into f ] 

Then 7 V =(108.864 + 40.824xl0 3 mm 4 or 7 v = 149.7 xlO 3 mm 4 ◄ 
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PROBLEM 9.43 (Continued) 


Then 

I x = (213.73-22.43) in 4 

Also 

I y =(I y \-(I y ) 2 

where 

(/ ) = — (8 in.)(5 in.) 3 + (40 in 2 )[(2.7 - 2.5) in. 

12 


= (83.333 + 1 .6) in 4 = 84.933 in 4 


(J y ) 2 = ~(5 in.)(2 in.) 3 + (10 in 2 )[(2.7 - 1.9) in.] 2 
= (3.333 + 6.4) in 4 =9.733 in 4 

Then 7 y = (84.933 -9.733) in 4 or 7 v =75.2in 4 4 
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PROBLEM 9.44 

Determine the moments of inertia I x and I of the area shown with respect 
to centroidal axes respectively parallel and perpendicular to side AB. 


SOLUTION 


First locate centroid C of the area. 










O.ZStW. 


A, in’ 

x, in. 

y, in. 

xA, in 3 

yA, in 3 

1 

3.6x0.5 = 1.8 

1.8 

0.25 

3.24 

0.45 

2 

0.5x3. 8 = 1.9 

0.25 

2.4 

0.475 

4.56 

3 

1.3x1 = 1.3 

0.65 

4.8 

0.845 

6.24 

X 

5.0 



4.560 

11.25 


XXA = I,xA: X(5 in 2 ) = 4.560 in 3 


X =0.912 in. 


Y~ZA = I,yA: Y(5 in 2 ) = 1 1.25 in 3 


Y = 2.25 in. 
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>. j- 

-*-3 in. — 

-* — 4.5 in. *- 


PROBLEM 9.45 

Determine the polar moment of inertia of the area shown with respect to (a) Point O, (b) 
the centroid of the area. 


SOLUTION 







Section 

Area, in’ 

x, in. 

xA, in 3 

1 

— (4.5) 2 =15.904 
4 

1.9099 

30.375 

2 

(3) 2 = -7.069 
4 

1.2732 

-9.00 

X 

8.835 


21.375 


XA = X,xA : X(8.835 in 2 ) = 21.375 in 3 


X =2.419 in. 


j 0 = — (4.5 in.) 4 - —(3 in.) 4 = 129.22 in 4 
8 8 

oc = V2Z = v^(2.419 in.) = 3.421 in. 

J 0 = J c +A(OC) 2 : 


’ o ~ u c 

129.22 in 4 = J c + (8.835 in.)(3.421 in.) 2 


J 0 =129.2 in 4 ◄ 


J c = 25.8 in 4 ◄ 
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SOLUTION 


Determination of centroid C of entire section: 



Section 

Area, nT 

x, in. 

xA, in 3 

1 

k 

ll 

CO 

16 

21.333 


4 

3 n 


2 

i(4)(4)=8 

4 

3 

-10.6667 

3 

i(4)(4)=8 

4 

10.6667 


2 

3 


X 

28.566 


21.333 


(a) 


(b) 


For section ® : 

For sections ©,© : 

For total area, 

By symmetry, 

Parallel axis theorem: 


X(28.566 in 2 ) = 21.333 in 3 

X = 0.74680 in.; by symmetry, Y — X = 0.74680 in. 
I x = -{ —nr A ] - —n( 4) 4 = 50.265 in 4 

* 4U J 16 

1 =—bh 3 (4)(4) 3 =21.333 in 4 

12 12 

I x =50.265 + 2(21.333) = 92.931m 4 
Iy=I x \ Jo = I x + Iy= 185.862 in 4 

J C =J 0 - A{OC) 2 =J 0 - A(X 2 + Y 2 ) 

J c = 185.862- (28. 566)(0.74680 2 +0.74680 2 ) 


J 0 =185.9 in 4 ◄ 
J c =154.0 in 4 ◄ 
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SOLUTION 


Dimensions in mm 

I y 


i 



80 


Symmetry: X = 0 



r _ 


. A 



I VO j *> |. so ^30 ,| 

Determination of centroid C of entire section 


HO | HO 


6o 


Fza = xyA 

F (4000 mm 2 ) = 122.67 xlO 3 mm 3 
F = 30.667 mm 



Area mm’ 

y, mm 

yA, mm 3 

1 

^ (160X80) = 6400 

80 

3 

170.67 xlO 3 

2 

-2(80)(60) = -2400 

20 

-48xl0 3 

£ 

4000 


122.67 xlO 3 


(a) Polar moment of inertia J 0 : 

Section ®: 1 x = -2-(160)(80) 3 = 6.8267 xlO 6 mm 4 

For I y consider the following two triangles 


So 



*y= 2 


— (80)(80) 3 
12 


= 6.8267 xlO 6 mm 4 


k-8° -4 


kSO ■ 


J Q — i x + /„ = (6.8267 + 6. 8267)1 0 6 = 13.653 xlO 6 mm 4 
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PROBLEM 9.47 (Continued) 


(b) Section © : 

For I y consider the following two triangles 


I = — (80)(60) 3 = 1.44x 10 6 mm 4 
x 12 


T- 

60 

1 



'v=2 


-^(60)(40) 3 


= 0.640 xlO 6 mm 4 


^40- J [-VO -4 

Entire section 


J Q =I X +I ,, =(1.44 + 0.640)10 6 = 2.08 x10 s mm 4 


Jo = U 0 \ -V 0 ) 2 =13.653 xlO 6 -2.08x10 s 


J Q = 11.573xl0 6 mm 4 


J n =11. 57 xlO 6 mm 4 ◄ 


(c) Polar moment of inertia J 0 of intire area 

I S 6) ~ ‘iOOC) tjoln 3 

y=30.Ul 



J 0 ~ Jc + AY 

11.573X10 6 = J c + (4000)(30.667) 2 
J c = 7.811xl0 6 mm 4 


J r = 7.81xl0 6 mm 4 ◄ 
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SOLUTION 

First locate centroid C of the area. 




Y'LA='LyA: T(2544.7 mm 2 ) = 42,768 mm 3 

or Y = 16.8067 mm <] 

3 o ~ o\ ~ (Jo) 2 

= —(54 mm)(36 mm) [(54 mm) 2 + (36 mm) 2 ]-— (18 mm) 4 
8 4 

= (3.2155X10 6 - 0.0824 xlO 6 ) mm 4 
= 3.1331xl0 6 mm 4 

or J 0 — 3.13xl0 6 mm 4 A 

J 0 =J C +A(Y ) 2 

J c = 3.1331xl0 6 mm 4 - (2544.7 mm 2 )(16.8067 mm) 2 

or J c — 2.41xl0 6 mm 4 A 


Then 

(a) 


(b) 

or 
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PROBLEM 9.49 

Two channels and two plates are used to form the column 
C250 x 22.8 section shown. For b — 200 mm, determine the moments of 
inertia and the radii of gyration of the combined section with 
x respect to the centroidal x and y axes. 
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J 


PROBLEM 9.51 


\ 

J 

Two channels are welded to a rolled W section as shown. Determine 

/ 


— * 

the moments of inertia and the radii of gyration of the combined 

/ 



ws x 31 section with respect to the centroidal x and y axes. 

CSX 11.5 

c< 

I 

\ 



SOLUTION 




W section: 

A = 9.12in 2 

T x =110 in 4 y 

7 -17 |i n 4 |\ 

LJ 


Channel: 

1 v J ' • 1 111 \ 

A -3.31 in 2 C 

p=» "T 

4.oo 

4 

^ ^ CAM 

(4.00 + 0.51Z - ) iV\. 

4 


* 


T x = 1.31 in 4 


I y = 32.5 in 4 v 

- \l 



Aotal — Av ^Ahan 

= 9.12 + 2(3.37) = 15.86 in 2 



Now 

I x — (A)w f'han 



where 





= 1 .3 1 in 4 + (3.37 in 2 )(4.572 in.) 2 

= 71.754 in 4 


Then 

I x = (110 + 2x71.754) in 4 = 253.51 in 4 

J x = 254 in 4 ◄ 

and 

r2 _ I x _ 253. 51 in 4 
1 ~Aotai 15-86 in 2 


k x = 4.00 in. ◄ 

Also 

Iy = (Iy )w + 2(7 y )chan 




- (37. 1 + 2 x 32.5) in 4 = 102. 1 in 4 


7 V =102.1 in 4 ◄ 

and 

p_ J y _ 102.1 in 4 
y Aotai 15.86 in 2 


k y = 2.54 in. A 
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PROBLEM 9.52 

Two 20-mm steel plates are welded to a rolled S section as shown. 
Determine the moments of inertia and the radii of gyration of the combined 
section with respect to the centroidal x and y axes. 


SOLUTION 






S section: 

A - 6010 mm 2 
J x = 90.3xl0 6 mm 4 



(m 


7 V = 3.88 x10 s mm 4 


Cr 

Q 

i 

Note: 

Aotal ~ A + 2 A>late 



X. 


= 6010 mm 2 + 2(160 mm)(20 mm) 
= 12,410 mm 2 


L, 

Now 

A - (txh + (plate 




where 

(A (plat e = A plate +^ 2 





= I L(160 mm „20W +(3 200^) [ ,152.5 + 10) mm r 


= 84.6067 x10 s mm 4 




Then 

T x = (90.3 + 2x84.6067)xl0 s mm 4 





= 259.5134x10 s mm 4 

or 

A = 

260 x10 s mm 4 A 

and 

172 _ A _ 

259.5134x10 s mm 4 

or 


k x = 144.6 mm A 

1 

2 

O 

< 

1 

H 

£ 

12410 mm 2 


Also 

ly = (ly)s + 2 ( / v (plate 






= 3. 88x10 s mm 4 + 2 

— (20 mm)(160 mm) 3 

12 J 





= 17.5333x10 s mm 4 


or 

I y = 17.53 x10 s mm 4 ◄ 

and 

— 2 _ I y _ 17.5333x10 s mm 4 

or 


k v = 37.6 mm A 

^ Aotai 12,410 mm 2 
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y 


0.5 in. 


CS x 11.5 



T 



1 



C t 



1 


■1 

X 


l 

t 

12 in. ► 


PROBLEM 9.53 

A channel and a plate are welded together as shown to form 
a section that is symmetrical with respect to the y axis. 
Determine the moments of inertia of the combined section 
with respect to its centroidal x and y axes. 


SOLUTION 



(Note change of axes) / = 32.5 in 4 

Location of centroid 


Y'LA-'Ly A: F[3.7 in 2 + (12 in.)(0.5 in.)] = (3.37 in 2 )(1.938 in.) 

7=0.69702 in. 


Moment of inertia with respect to x axis. 

Plate: l x = I x + AY 2 = ^(12 in.)(0.5 in.) 3 + (12 in.)(0.5 in.)(0.69702 in.) 2 

= 0.125 + 2.9150 = 3.0400 in 4 

Channel: I x = T x , + AY 2 = 1.31 in 4 + (3.37 in.)(1.938 in.-0.69702 in.) 2 

= 1.31 + 5.1899 = 6.4999 in 4 

Entire section: I x = 3.0400 in 4 + 6.4999 in 4 = 9.5399 in 4 I x = 9.54 in 4 A 

Moment of inertia with respect to y axis. 

Plate: T = —(0.5 in.)(12 in.) 3 = 72 in 4 

' 12 

Channel: I y = 32.5 in 4 

Entire section: I y = 72 in 4 + 32.5 in 4 = 104.5 in 4 I y = 104.5 in 4 A 
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* PROBLEM 9.54 

1 1 1| (2250 X 22 .8 

The strength of the rolled W section shown is increased by welding a channel 
to its upper flange. Determine the moments of inertia of the combined section 
c with respect to its centroidal x and y axes. 


W460 X 113 
I ) 


SOLUTION 

W section: A - 14, 400 mm 2 

1 x = 554xl0 6 mm 4 
I y = 63.3 xlO 6 mm 4 

Channel: A = 2890 mm 2 

J x =0.945 xlO 6 mm 4 
T y = 28.0x1 0 6 mm 4 

First locate centroid C of the section. 



A 2 

A, mm 

y, mm 

yA, mm 3 

W Section 

14,400 

-231 

-33,26,400 

Channel 

2,890 

49.9 

1,44,211 

L 

17,290 


-31,82,189 



Then 

or 

Now 

where 


TLA -'Ey A\ Y (17, 290 mm 2 ) = -3, 1 82, 1 89 mm 3 

Y =-184.047 mm 

lx = (^v)w + (/Jc 

( I x ) w =J x +Ad 2 

= 554xl0 6 mm 4 + (14,400 mm 2 )(23 1 - 1 84.047) 2 mm 2 
= 585.75 xlO 6 mm 4 
(I x )c=I x -Ad 2 

= 0.945 xlO 6 mm 4 + (2, 890 mm 2 )(49.9 + 1 84.047) 2 mm 2 
= 159.12xl0 6 mm 4 
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PROBLEM 9.54 (Continued) 


Then 


also 


I x = (585.75 + 159.12)xl0 6 mm 4 


or I x =745x1 0 6 mm 4 ◄ 

7 = (^y)w + (^)C 

= (63.3 + 28.0)xl0 6 mm 4 

or 7 V =91.3xl0 6 mm 4 ◄ 
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L76 x 76 x 6.4 



PROBLEM 9.55 

Two L76 x 76 x 6.4-mm angles are welded to a C250 x 22.8 channel. 
Determine the moments of inertia of the combined section with respect to 
centroidal axes respectively parallel and perpendicular to the web of the 
channel. 


SOLUTION 

Angle : A = 929 mm 2 

1 =7 =0.512xl0 6 mm 4 

a y 

Channel: A = 2890 mm 2 

T x = 0.945 x10 s mm 4 

7 V =28.0x1 0 6 mm 4 

First locate centroid C of the section 



A, mm 2 

y, mm 

yA, mm 3 

Angle 

2(929) = 1858 

21.2 

39,389.6 

Channel 

2890 

-16.1 

-46,529 

X 

4748 


-7139.4 


7EA = EyA: 7(4748 mm 2 ) = -7139.4 mm 3 

7 =-1.50366 mm 

T x =2(I x )l+(I x ) c 

(I x )l=T x + A d 2 =0.5l2xl0 6 mm 4 +(929 mm 2 )[(2l . 2 + 1.50366) mm] 2 
= 0.990859 xlO 6 mm 4 

(7,) c = T x + Ad 2 = 0.949 xlO 6 mm 4 +(2890 mm 2 )[(16.1 -1.50366) mm] 2 
= 1. 56472 xlO 6 mm 4 

T x =[2(0.990859) + 1.56472xl0 6 ] mm 4 

or I x = 3.55 xlO 6 mm 4 A 
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Then 
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PROBLEM 9.55 (Continued) 


Also I y = 2(1 y ) L + (I y ) c 

where (I y ) L = Y y + Ad 2 = 0.512xl0 6 mm 4 + (929 mm 2 )[(127-21.2) mm] 2 

= 10.9109 xlO 6 mm 4 

Vy) C =iy 

Then 7 V =[2(10.9109) + 28.0]xl0 6 mm 4 


or I y =49.8xl0 6 mm 4 ◄ 
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PROBLEM 9.56 

Two L4 X 4 x j -in. angles are welded to a steel plate as shown. Determine 
the moments of inertia of the combined section with respect to centroidal 
axes respectively parallel and perpendicular to the plate. 


L4 x 4 x j; 


SOLUTION 


fr* O.X/^ 



For 4x4x— -in. angle: 


A = 3.75 in 2 , I =/ =5.52 in 4 

x y 

YA-'Ly A 


y( 12.5 in 2 ) = 33.85 in 3 
Y = 2.708 in. 


Section 

Area, in 1 

y in. 

yA, in 

Plate 

(0.5)(10) = 5 

5 

25 

Two angles 

2(3.75) = 7.5 

1.18 

8.85 

X 

12.5 


33.85 



24W» y 
_U2am. . 

08 I 7 


- X 

y =2V>8 in. 
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A' 


PROBLEM 9.57 

The panel shown forms the end of a trough that is filled with water to the line 
AA'. Referring to section 9.2, determine the depth of the point of application of 
the resultant of the hydrostatic forces acting on the panel (the center of 
pressure). 


SOLUTION 

From section 9.2: R — yj ydA, M AA > = yj y 2 dA 

Let y P — distance of center of pressure from AA'. We must have: 


For triangular panel: 


Ry P — M aaA : y p 


1 3 

I AA ' = — ah 

AA n 


M AA' 


R 

yj ydA >’ A 

= -h 

A = —ah 

3 

2 


1 AA ’ 


y P =— 


Ji 


yA (\h){\ah) 



y r Aj, 4 
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PROBLEM 9.58 

The panel shown forms the end of a trough that is filled with water to the 
line AA'. Referring to section 9.2, determine the depth of the point of 
application of the resultant of the hydrostatic forces acting on the panel 
(the center of pressure). 
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SOLUTION 

From section 9.2: 


R = yyA 


v = ^L 

SP -A 

yA 


where R is the resultant of the hydrostatic forces acting on the gate 
and y P is the depth to the point of application of R. Now 



yA = I.yA = [(h + 0.17) m] 


1 


xl.2mx 0.51m + [(h + 0.34) m] 


-x0.84x0.51m 

V 2 j 


= (0.5202/7 + 0.124848) m 3 
Recalling that y= py, we have 


Also 

where 


R = (10 3 kg/m 3 x 9.81 m/s 2 )(0.5202/7 + 0.124848) m 3 
= 5103. 162(/i + 0.24) N 

^ SS ' = + (^ss') 2 


(I ss ,\=I x +Ad- 


= —(1.2 m)(0.51 m) 3 + 
36 


— xl.2 mx0.51 m 
2 


[(/i + 0.17) m] 2 


= [0.0044217 + 0.306(/7 + 0. 17) 2 ] m 4 
= (0.306/7 2 +0.10404/7 + 0.0132651) m 4 


(■^ 55') 2 “ lx, + ^ 


= —(0.84 m)(0.51 m) 3 + 
36 


-x0.84mx0.51m \[(h + 0.34) m]“ 


= [0.0030952 + 0.2142(/7 + 0.34) 2 ] m 4 
= (0.2 142/7 2 + 0. 145656/z + 0.0278567) m 4 
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PROBLEM 9.61 (Continued) 


Then 


and 


Ass' — (Ass') 1 + (Ass') 2 

= (0.5202 h 2 + 0.249696/7 + 0.041 1218) m 4 


y p =- 


(0.5 202/7 2 +0.244696/7 + 0.0411218) m 4 
(0.5202/7 + 0.124848) m 3 


/z 2 + 0.48/7 + 0.07905 


h + 0.24 


- m 


For the gate to open, require that 

EM 


Substituting 


IB : ^open — (Xz 3 ^) ^ 

2940 N • m = 


Oz 2 + 0.48/7 + 0.07905 


or 

or 

Then 


& + 0.24 

\ 

5103.162(0.24/7 + 0.07905) = 2940 

/z = 2.0711m 

d — (2.07 11 + 0.79) m 


— h 


mx5103.162(/7 + 0.24)N 


or d = 2.86 m ^ 
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PROBLEM 9.62 

The cover for a 0.5-m-diameter access hole in a water storage 
tank is attached to the tank with four equally spaced bolts as 
shown. Determine the additional force on each bolt due to the 
water pressure when the center of the cover is located 1.4 m 
below the water surface. 


SOLUTION 


From section 9.2: 


R = yyA 



where R is the resultant of the hydrostatic forces acting on the cover 
and y P is the depth to the point of application of R. 

Recalling that y = p- y, we have 



fcCCESS HOLE. 


R = (10 3 kg/m 3 X9.81 m/s 2 )(1.4 m)[^(0.25 m) 2 ] 
= 2696.67 N 


Also 

Then 

Now note that symmetry implies 


l M , = I x + Ay 2 = j(0.25 m) 4 + [;r(0.25 m) 2 ](1.4 m) 2 
= 0.387913 m 4 


y P = 


0.387913 m 4 


(1.4 m)[;r(0.25 m)‘] 


= 1.41116 m 


f a = f b 


f c = f d 


Next consider the free-body of the cover. 

We have +)ZM C/J = 0: [2(0.32 m) sin 45°](2F A ) 

- [0.32 sin 45° - (1 .41 1 16 - 1 .4)] m 
x (2696.67 N) = 0 


or 

Then 

or 


F a = 640.92 N 


Jl. = 0: 2(640.92 N) + 2 F c - 2696.67 N = 0 


F c = 707.42 N 


Mp-M 

1 


R T”1 


^ C r- 
(.O.’SLrn) 4-^ 

H 


and 


F a = F b = 641 N ◄ 
F c =F d = 707 N ◄ 
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y 



PROBLEM 9.63* 


ru 




Determine the x coordinate of the centroid of the volume shown. 
(Hint: The height y of the volume is proportional to the x coordinate; 
consider an analogy between this height and the water pressure on a 
submerged surface.) 
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PROBLEM 9.64* 

Determine the x coordinate of the centroid of the volume shown; 
this volume was obtained by intersecting an elliptic cylinder with an 
oblique plane. (Hint: The height y of the volume is proportional to 
the x coordinate; consider an analogy between this height and the 
water pressure on a submerged surface.) 


SOLUTION 

Following the “Hint,” it can be shown that (see solution to Problem 9.63) 

- 0 h) A 

X = =^~X 

(xA) a 

where (I ) A and (xA) a are the moment of inertia and the first moment of the area, respectively, of the 
elliptical area of the base of the volume with respect to the z axis. Then 

( I Z ) A =T Z +Ad 2 

= —(39 mm)(64 mm) 3 + [;r(64 mm)(39 mm)](64 mm) 2 
4 

= 12.779520^ xlO 6 mm 4 

(xA) a = (64 mm)[;r(64 mm)(39 mm)] 

= 0. 159744 /rxlO 6 mm 3 

_ „ _ 12.779520^ xlO 6 mm 4 

Finally x = — 

0. 1 59744;r xlO 6 mm 4 

or x = 80.0 mm 4 
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PROBLEM 9.65* 

Show that the system of hydrostatic forces acting on a submerged plane 
area A can be reduced to a force P at the centroid C of the area and two 
couples. The force P is perpendicular to the area and is of magnitude 
P = y Ay sin 6, where y is the specific weight of the liquid, and the couples 
are = (yl x > sin 9)\ and M v < = (yl x y sin 0) j, where I x y = \x 'y' dA (see 
section 9.8). Note that the couples are independent of the depth at which the 
area is submerged. 


SOLUTION 

The pressure p at an arbitrary depth (y sin 9) is 

P = /(ysin#) 

so that the hydrostatic force dF exerted on an infinitesimal area dA is 

dF = (/ysin 6)dA 

Equivalence of the force P and the system of infinitesimal forces dF requires 


DF: P = 


JrfF = J yy sin 9dA = /sin ydA 


or P - yAy sin 6 A 


Equivalence of the force and couple (P, M v - + M /) and the system of infinitesimal hydrostatic 
forces requires 

XM; - yP - M ■ = | (-ydF) 

-J ydF = -J y(yy sin 9)dA = -/sin 6>J y 2 dA 

= -(/sin 9)1 x 

-yP - My = -(/sin 9)1 x 


Now 


Then 


or 


M x > = (/sin 9)1 x - y(yAy sin 9) 
= /sin 9(1 x - Ay 2 ) 


or M v - = yl x ’ sin 0 A 


DM V : xP + M y = | xdF 


1 


Now 


J xdF — J x(yy sin 9)dA = /sin ^j* xy dA 
= (/sin 9)1^ 


(Equation 9.12) 
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PROBLEM 9.65* (Continued) 



Then 

xP + My = (/sin 6)1 X1 



or 

M y - = (/sin 6)1 ^ -it (/Ay sin#) 
= /sin 6( I xy - Ax y) 

or 

My =yl x y sin 6 ◄ 
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PROBLEM 9.66* 

Show that the resultant of the hydrostatic forces acting on a 
submerged plane area A is a force P perpendicular to the area and 
of magnitude P = y Ay sin 6 = pA, where y is the specific weight of 
the liquid and p is the pressure at the centroid C of the area. Show 
that P is applied at a Point Cp, called the center of pressure, whose 
coordinates are x P -I xy /Ay and y P =I X /Ay, where / =\xydA 
(see section_9.8). Show also that the difference of ordinates y P - y 
is equal to k x dy and thus depends upon the depth at which the area 
is submerged. 


SOLUTION 


The pressure P at an arbitrary depth (y sin 9) is 

P = yiysind) 

so that the hydrostatic force dP exerted on an infinitesimal area dA is 

dP = (/ysin 9)dA 

The magnitude P of the resultant force acting on the plane area is then 

P — ^dP — ^yy sin 9 dA - /sin 9 J ydA 
= /sin #(yA) 

Now p — yy sin 9 P-pA A 

Next observe that the resultant P is equivalent to the system of infinitesimal forces d P. Equivalence then 
requires 

IM V : -y P P = -J ydP 

Now j" ydP - j" y(yy sin 9)dA = /sin 9^ y 2 dA 

= (/sin 9)1 x 

Then y p P = (/sin 9)1 x 

(/sin 9)1 

or v P = — 

/sin 9(yA) 


or 


y P = 
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PROBLEM 9.66* (Continued) 


Now 


Then 

or 


Now 

From above 
By definition 
Substituting 

Rearranging yields 


YjM y : x P P — j" xdP 


J xdP = j ' x(yy sin 9)dA = /sin 6^ xydA 
= (/sin 0)1^ 


x p P = (/sin 0)1 ^ 
(/sin 6)1 

X — — 

/sin 0(yA) 


!,=!,■ + Ay 2 

l x = (Ay)y P 
// = k x 'A 

(Ay)y P =k$A + Ay 2 


(Equation 9.12) 


or 



y P -y = — 
y 


◄ 


Although k x ' is not a function of the depth of the area (it depends only on the shape of A), y is dependent on 
the depth. 

(y p -y) = /(depth) 
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PROBLEM 9.68 

Determine by direct integration the product of inertia of the given area with 
respect to the x and y axes. 
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PROBLEM 9.71 

Using the parallel-axis theorem, determine the product of 
inertia of the area shown with respect to the centroidal x and y 
axes. 


SOLUTION 


Dimensions in mm 


We have 

txy ~ Uxy )l + (4v )l + dxy ^3 


— — 

:js> 



Now symmetry implies 


L. 

1X3 

c 

^ r 

1 

and for the other rectangles 

(C)2=0 

T ' 

J 

du 

^65 - 



I xy= I xV + *y A 

where I >> = 0 (symmetry) 


Thus 


J xy = (xyA) t + (x yA) 3 



A, mm 2 

x, mm 

y, mm 

xyA, mm 4 

i 

10x80 = 800 

-55 

20 

-880,000 

3 

10x80 = 800 

55 

-20 

-880,000 

X 




-1,760,000 


/ = -1.760x10 s mm 4 ◄ 

xy 
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PROBLEM 9.72 (Continued) 



Area, mm’ 

x, mm 

V, mm 

xyA, mm 4 

1 

^■(60)(40) = 1200 

-40 

+26.67 

-1.280xl0 6 

2 

^(60)(40) = 1200 

+40 

-26.67 

-1.280xl0 6 


X x y A- -2.56xl0 6 mm 4 

For two triangles: I ^ =l,(I x y + x y A) - +2(80xl0 3 ) -2.56xl0 6 

= — 2.40xl0 6 mm 4 

Since we must subtract triangles, / = +2.40xl0 6 mm 4 A 
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PROBLEM 9.76 

Using the parallel-axis theorem, determine the product of inertia of 
the area shown with respect to the centroidal x and y axes. 


SOLUTION 

We have 

Now, symmetry implies 
and for each triangle 


I xy - VxyX + (4y)2 + U xyh 

(4)l=0 

I xy = Ly + 



where, using the results of Sample Problem 9.6, I x y = —X b 2 h 2 for both triangles. Note that the sign of I x y 
is unchanged because the angles of rotation are 0° and 180° for triangles 2 and 3, respectively. 

Now 



A, in 2 

x, in. 

y, in. 

A • 4 

x yA , in 

2 

i(9)(15) = 67.5 

-9 

7 

-4252.5 

3 

i(9)(15) = 67.5 

9 

-7 

^1252.5 

X 




-8505 


Then 


Ixy- 2 


-—(9 in.) 2 (15 in.) 2 
72 


■8505 in 4 


= -901 1.25 in 4 


or I^=- 90 10 in 4 ◄ 
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PROBLEM 9.77 

Using the parallel-axis theorem, determine the product of inertia of 
the area shown with respect to the centroidal x and y axes. 


SOLUTION 

We have 

For each rectangle 

and 

Thus 


Ty = (^xy )l + ( J xy h + Vxy h 

I xy = fy + xyA 
I x y = 0 (symmetry) 

C = 




A, in 2 

x, in. 

y, in. 

x yA, in 4 

1 

3. 6x0.5 = 1.8 

0.888 

-2.00 

-3.196 

2 

0.5x3. 8 = 1.9 

-0.662 

0.15 

-0.18867 

3 

1. 3x1.0 = 1.3 

-0.262 

2.55 

-0.86853 

X 




-4.25320 


I = -4.25 in 4 ◄ 

-V 
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PROBLEM 9.78 

Using the parallel-axis theorem, determine the product of inertia of 
the area shown with respect to the centroidal x and y axes. 


SOLUTION 

We have 

For each rectangle 

and 

Thus 


^xy - (7.ry)l + ^ xy)l 

I X y = Ly + xyA 

I ' ' = 0 (symmetry) 

hy = ^y A 




A, mm 2 

x, mm 

y, mm 

x yA, mm 4 

1 

76x12.7 = 965.2 

-19.1 

-37.85 

697,777 

2 

12.7 x (127 -12.7) = 1451.61 

12.55 

25.65 

467,284 

X 




1,165,061 


I v =1.165xl0 6 mm 4 ◄ 
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PROBLEM 9.79 

Determine for the quarter ellipse of Problem 9.67 the moments of inertia 
and the product of inertia with respect to new axes obtained by rotating 
the x and y axes about O (a) through 45° counterclockwise, (b) through 
30° clockwise. 
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PROBLEM 9.79 (Continued) 


(a) # = +45°: / - = — kg' — — /ra 4 cos 90° - — a 4 sin90° 

* 16 16 2 

or I x , = 0.482a 4 ◄ 

I - =— 7T + — ;ra 4 cos90° + — a 4 
y 16 16 2 

or / y = 1.482a 4 ◄ 

I v = — — ;ra 4 sin 90° + — a 4 cos 90° 

16 2 

or I x y = —0.589a 4 ◄ 


(b) 9 = -30°: 


I' = — no' - —/ra 4 cos(-60°) - — a 4 sin(-60°) 
x 16 16 2 

or / A , = 1.120a 4 4 

If = —/ra 4 + — /ra 4 cos(-60°) + — a 4 sin(-60°) 
y 16 16 2 

or I y . = 0.843a 4 ◄ 

Iff = — —7ra 4 sin(-60°) + —a 4 cos(-60°) 
xy 16 2 

or I 0.760a 4 A 

x y 
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PROBLEM 9.80 

Determine the moments of inertia and the product of inertia of the 
area of Problem 9.72 with respect to new centroidal axes obtained 
by rotating the x and y axes 30° counterclockwise. 
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PROBLEM 9.80 (Continued) 


Eq. (9.19): 


Eq. (9.20): 


Jy' =\i I x +I y)-\i I x- I y) C0S 20 + 1 xy 2 6 

= [5.20 - (-2.00) cos 60° + (2.40) sin 60°] x 10 6 mm 4 

or 7 y = 8.28x10® mm 4 ◄ 


hy =^ I x~ I y) sin 20 + J xy sin 20 

= [(-2.00) sin 60° + (2.40) cos 60°] x 10 6 mm 4 

or /.,= -0.532 xl0 6 mm 4 ◄ 

a y 
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PROBLEM 9.81 (Continued) 


Eq. (9.19): 


Eq. (9.20): 


I y' = ~ Ux + ! y ) - Vx ~ !y ) 1 «>S 16 + 1 xy W 

= [486tt - (- 1 62;r) cos 120° + 864 sin 120°] in 4 


or / y =2020 in 4 ◄ 

V = ^ (/, - 1 ) sin 26 + T xy cos 20 

= [(- 1 62/r) sin 1 20° + 864 cos 1 20°] in 4 

or I x y = -873 in 4 4 
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40 mm 


100 mm - 


~T~ 

8 mm 


■ 8 mm 


“T 

40 mm 


- 8 mm 


PROBLEM 9.82 

Determine the moments of inertia and the product of inertia 
of the area of Problem 9.75 with respect to new centroidal 
axes obtained by rotating the x and y axes 45° clockwise. 


SOLUTION 


From Problem 9.75: 

/ =471,040 mm 4 

A.y 

Now J x =(T xh+ (l xh+ (l xh 

where (f x ) t = j^(100 mm)(8 mm) 3 

= 4266.67 mm 4 



(l x ) 2 = (/ v ) 3 = —(8 mm)(32 mm) 3 + [(8 mm)(32 mm)](20 mm) 1 

= 124,245.33 

Then T x = [4266.67 + 2(124,245.33)] mm 4 = 252,757 mm 4 

Also J y =(/ v)l +(/ v ) 2 +(/ y ) 3 

where ( 7 v ) x = ~(8 mm)(100 mm) 3 = 666,666.7 mm 4 

(l y ) 2 = (I y ) 3 = ~(32 mm)(8 mm) 3 +[(8 mm)(32 mm)](46 mm) 2 

= 543,061.3 mm 4 

Then T y = [666,666.7 + 2(543,061.3)] mm 4 =1,752,789 mm 4 

Now ^(T x + 7 y ) = 2(252,757 + 1,752,789) mm 4 = 1,002,773 mm 4 

1(7 - T) = -(252,757-1,752,789) mm 4 = -750,016 mm 4 
2 y 2 

Using Eqs. (9.18), (9.19), and (9.20): 

Eq. (9. 1 8) : 1, = | (T x + T y ) + i (7 t - 7 V ) cos 20 - T xy sin 2 6 

= [1, 002, 773 + (-750, 01 6) cos(-90°) - 47 1, 040 sin(-90°)] 

or T x . =1.474 xlO 6 mm 4 ◄ 
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PROBLEM 9.82 (Continued) 


Eq. (9.19): 


Eq. (9.20): 


I y' = \ (C + I y ) -\ {I * - ! y ) cos 2^ + C sin 2 # 

= [1,002,773 - (-750,016)cos(-90 o ) + 471,040sin(-90°)] 

or 7 y = 0.532 X 10 6 mm 4 ◄ 

h’y' =-(/,- Ty ) sin 26 + T xy cos 26 

= [(-750,016)sin(-90 o ) + 471,040cos(-90°)] 

or 7 t y =0.750 xlO 6 mm 4 ◄ 
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PROBLEM 9.83 

Determine the moments of inertia and the product of inertia of the 
L3x2x j-in. angle cross section of Problem 9.74 with respect to 
new centroidal axes obtained by rotating the x and y axes 30° 
clockwise. 


SOLUTION 

From Figure 9.13: 


From Problem 9.74: 


Now 


I x = 0.390 in 4 
T y =1.09 in 4 


/ = -0.37983 in 

A.y 


-(/ + /) = -(0.390+1.09) in 4 = 0.740 in 4 
2 y 2 

1(7 - 7 ) = -(0.390-1.09) in 4 = -0.350 in 4 
2 y 2 


C 



Using Eqs. (9.18), (9.19), and (9.20): 
Eq. (9.18): 


Eq. (9.19): 


l x = + I y)+\i I x - r y) C0S 20 - txy sin 10 

= [0.740 + (-0.350) cos(-60°) - (-0.37983) sin (-60°)] 

or J x , = 0.236 in 4 ◄ 

V = \ (Tx + ^ ) - - (Jx - Ty ) cos 2 0 + 7„ sin 26 

= [0.740 - (-0.350) cos(-60°) + (-0.37983) sin(-60°)] 


or 


/, = 1.244 in 4 ◄ 


Eq. (9.20): 


hy - 1 ( l x - 1 y ) sin 26 + 1 ^ cos 26 

= [(-0.350) sin(-60°) + (-0.37983) cos(-60°)] 


or I ■■ =0.1 132 in 4 4 

x y 
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PROBLEM 9.84 

Determine the moments of inertia and the product of inertia of the 
L127x76xl2.7-mm angle cross section of Problem 9.78 with 
respect to new centroidal axes obtained by rotating the x and y axes 
45° counterclockwise. 


SOLUTION 

From Figure 9.13: 

From Problem 9.78: 
Now 


/ A =3. 93x1 0 s mm 4 
7 = 1.06xl0 6 mm 4 


/„ =1. 165061x10 s mm 4 



i(/ +/) = !( 3.93 + 1.06)xl0 6 mm 4 
2 y 2 

= 2.495 xlO 6 mm 4 

I(/ r -7 v ) = I(3.93-1.06)xl0 6 mm 4 = 1.435x10 s mm 4 


Using Eqs. (9.18), (9.19), and (9.20): 
Eq. (9.18): 


7' = X - (7 + I y) + \ (7 - l y ) cos 2(9 - /^ sin 2 6 


= [2.495 + 1 .435 cos 90° - 1 . 1 65 06 1 sin 90°] x 1 0 s mm 4 


or 7 , = 1.330x10 s mm 4 ◄ 


Eq. (9.19): 


7' = X ~ (7 + 1 y ) - 1 (7 - 7 ) cos 26 + I v sin 26 

= [2.495 - 1 .435 cos 90° + 1 . 1 65 06 1 sin 90°] x 10 s mm 4 


or I'— 3.66x10 s mm 4 A 


Eq. (9.20): 


7y = \ (7 - ) sin W + 7 xy COS 2(9 

= [(1 .435 sin 90° + 1 . 1 65 06 1 cos 90°] x 1 0 s mm 4 


or 


/ rV = 1 .435 x 10 6 mm 4 ◄ 
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PROBLEM 9.85 

For the quarter ellipse of Problem 9.67, determine the orientation of the 
principal axes at the origin and the corresponding values of the moments 
of inertia. 
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PROBLEM 9.86 

For the area indicated, determine the orientation of the principal 
axes at the origin and the corresponding values of the moments of 
inertia. 

Area of Problem 9.72. 


SOLUTION 


From Problem 9.80: 


From Problem 9.72: 
Now Eq. (9.25): 
Then 


I x = 3.20 x10 s mm 4 
7 V = 7.20 x10 s mm 4 

/ = 2.40xl0 6 mm 4 

xy 


tan2 d m 



2(2.40xl0 6 ) 
(3.20- 7.20) xlO 6 


1.200 


20 m =50.194° and 230.194° 


or G m = 25.1° and 115.1° ◄ 


Also Eq. (9.27): 


/ 


max, min 


r + 


.+ 



+ / 


2 

-vy 


Then 


3.20 + 7.20 If 3.20-7.20 


(5.20±3.1241)xl0 6 mm 4 


+ (2.40)- 


or / 


xlO 6 mm 4 


1.32x10° mm 4 ◄ 


and / mi n -2.08xl0 6 mm 4 A 

By inspection, the a axis corresponds to / mjn and the b axis corresponds to / max . 
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y 




PROBLEM 9.87 

J 



\ 

\ 

For the area indicated, determine the orientation of the principal 
axes at the origin and the corresponding values of the moments of 
inertia. 

\ 6 in. 

c 


X 

Area of Problem 9.73. 
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100 mm - 


40 mm 


40 mm 


8 mm 


PROBLEM 9.88 

For the area indicated, determine the orientation of the principal 
axes at the origin and the corresponding values of the moments 
of inertia. 

Area of Problem 9.75. 


- 8 mm 


SOLUTION 

From Problem 9.82: 

Problem 9.75: 

Now Eq. (9.25): 


Then 


Also Eq. (9.27): 


Then 


I x = 252,757 mm 4 
7 = 1,752,789 nun 4 


I =471,040 mm 4 

A,y 

tan 2# = - — ' _ 
h ~ fy 

2(471,040) 


252,757-1,752,789 
= 0.62804 

29, ,,=32.130° and 212.130° 


or 9,= 16.07° and 106.1° ◄ 


/ -/„ 


-+ 


t-t : 2 


+i 


*y 


- _ 252,757 + 1,752,789 + ft 252,757 -1,752,789 

1 max, min ^ — 


+ 471040“ 


= (1, 002, 773 ± 885, 665) mm 4 


or 7 max =l-888xl0 6 mm 4 ◄ 
and 7 . = 0. 1 17 1 x 10 6 mm 4 ◄ 


By inspection, the a axis corresponds to / mjn and the b axis corresponds to I n 
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PROBLEM 9.89 

For the angle cross section indicated, determine the orientation of 
the principal axes at the origin and the corresponding values of the 
moments of inertia. 

The L3x2Xj-in. angle cross section of Problem 9.74. 


SOLUTION 

From Problem 9.83: 
Problem 9.74: 


Now Eq. (9.25): 


Then 


Also Eq. (9.27): 


Then 


I x = 0.390 in 4 I y =1.09 in 4 
7^ = -0.37983 in 4 


tan 2 


27,. 


2(— 0.37983) 


7,-Jy 


0.390-1.09 

= -1.08523 

26 , „ =-47.341° and 132.659° 


— 7 + 7 

/ . =— 1 + 

max, min ^ — • 


- - \2 
h~ly 


+ 1 


xy 


or <9 =-23.7° and 66.3° ◄ 


- _ 0.390 + 1.09 + 


max, mm 


0.390-1.09 


+ (— 0.37983) 4 


: (0.740 ± 0.5 1650) 2 in 4 


or 

and 


By inspection, the a axis corresponds to 7 mjn and the b axis corresponds to 7 max . 



7 max =1.257 in 4 
=0.224 in 4 


◄ 

◄ 
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PROBLEM 9.90 

For the angle cross section indicated, determine the orientation of 
the principal axes at the origin and the corresponding values of the 
moments of inertia. 

The L127 x 76 x 12.7-mm angle cross section of Problem 9.78. 


SOLUTION 


From Problem 9.84: 

Problem 9.78: 

Now Eq. (9.25): 

Then 


Also Eq. (9.27): 
Then 


/,= 3.93 x10 s mm 4 
7 y =1.06xl0 6 mm 4 


/ = 1.165061x10 s mm 4 

A.y 


tan 20 m - 


2 7 X y _ 2(1. 1 65061x10 s ) 

7 X - 7 y ~ (3.93- 1. 06) x 10 s 
= -0.81 189 


26>, ,,=-39.073° and 140.927° 


or G, ,,=-19.54° and 70.5° ◄ 


7+7, 


max, min 


- + 


r i -i 

jc y 


+ i 


xy 


3.93 + 1.06 If 3.93-1.06 


-1. 16506 1 2 


= (2.495 ± 1 . 84840) x 1 0 s mm 4 


x 10 s mm 4 


or 

Anax = 4.34x10 s mm 4 

◄ 

and 

7 min = 0.647 x10 s mm 4 

◄ 


By inspection, the a axis corresponds to 7 max and the b axis corresponds to / mj 
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PROBLEM 9.91 

Using Mohr’s circle, determine for the quarter ellipse of Problem 9.67 
the moments of inertia and the product of inertia with respect to new 
axes obtained by rotating the x and y axes about O (a) through 45° 
counterclockwise, ( b ) through 30° clockwise. 


SOLUTION 

From Problem 9.79: 


Problem 9.67: 


K 4 

7, = — a 


K 4 
’ = 2 


, 1 * 

= —a 

xy 2 


The Mohr’s circle is defined by the diameter XT, where 


1 


Now 


and 


X\ — a 4 , — a 4 I and Y\ — a 4 ,-— a 


1 


1 f jc 4 n A 5 


/ avc =-(J x + Iy) = -\ —a+—a \ = — ^n 4 = 0.98175a 


218 







16 


Y? = 


' I -I 

jc y 


I 2 = 

xy \ 


'll 

f Jt 4 

n A 

I 2 

( r y 

i 4 


— a 


+ 

—a 

2 

u 

2 J. 


1 2 J 






= 0.77264o 

The Mohr’ s circle is then drawn as shown. 

21 

tan 2 = -- 


h ~ ly 


2 (|« 4 ) 


fa 4 -fa 4 


or 


= 0.84883 
2<9 = 40.326° 
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y 

— 60 mm — 

-* — 60 mm — 

PROBLEM 9.92 

Using Mohr’s circle, determine the moments of inertia and the product 



c 

40 ! 

of inertia of the area of Problem 9.72 with respect to new centroidal 
nm axes obtained by rotating the x and y axes 30° counterclockwise. 


^ / / // 40 1 

1 X 

mu 

\ 


SOLUTION 

From Problem 9.80: I x = 3.20xl0 6 mm 4 

I y =7.20xl0 6 mm 4 
From Problem 9.72: I = 2.40xl0 6 mm 4 

xy 

The Mohr’ s circle is defined by the diameter XY, where 
and Y( 7.20x10®, -2.40xl0 6 ). 



.20xl0 6 , 2.40X10 6 ) 


Now 


and 


/ = -(/+/ ) = -(3.20 + 7.20)xl0® =5.20x10® mm 4 


R = , 


2 <W y ) 


-| 2 

F 

+ ii =\ 

J 




n2 


-(3.20-7.20) 


+ (2.40) 2 xl0®mm 4 


= 3.1241x10® mm 4 
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PROBLEM 9.93 

Using Mohr’s circle, determine the moments of inertia and the product 
of inertia of the area of Problem 9.73 with respect to new centroidal 
axes obtained by rotating the x and y axes 60° counterclockwise. 


SOLUTION 

From Problem 9.81: 


/, = 324;r in" 


I y = 648^- in" 


*1* 


/ = 864 in" 

A y 


Problem 9.73: 

The Mohr’ s circle is defined by the diameter XY, where X (324/z\ 864) and Y (648/r, - 864). 
Now 7 ave =-(T x + L) = -(324/T+ 648;r) = 1526.81 in 4 


and 


R = 


—(I -/ ) 2 + / 2 = 

2 v x ± y ' 1 L xy \ 


l 


~l2 


(3247T + 648k) 


-864- 


= 1002.75 in 4 


The Mohr’ s circle is then drawn as shown. 

2 7„ 

tan2^,„ = — - 


I -I 


y 

2(864) 


or 

Then 


324;r - 648^ 
= 1.69765 

2 9 m = 59.500° 

a = 120° -59.500° 
= 60.500° 


.>5 



+loO 
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PROBLEM 9.94 

Using Mohr’s circle, determine the moments of inertia and the 
product of inertia of the area of Problem 9.75 with respect to 
new centroidal axes obtained by rotating the x and y axes 
45° clockwise. 


SOLUTION 


From Problem 9.82: 

I x = 252,757 mm 4 


* 

My 



I y =1,752,789 mm 4 


/ 


Problem 9.75: 

7 =471,040 mm 4 

xy 




The Mohr’s circle is defined by the diameter XY, where X (252,757; 471,040) and Y (1,752,789; -471,040). 


Now 


^ave = + Iy) = ^-(252,757 + 1,752,789) 

= 1,002,773 mm 4 


and 


R = , 




+ /; 


3- (252, 757-1, 752, 789) 2 


+ 471,040“ 


= 885,665 mm 4 


The Mohr’s circle is then drawn as shown. 


or 

Then 


tan 26 m 


2(471,040) 

252,757-1,752,789 

0.62804 


29 m =32.130° 

a = 180° - (32. 130 + 90°) 
= 57.870° 
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PROBLEM 9.95 

Using Mohr’s circle, determine the moments of inertia and the product 
of inertia of the L3x 2x j-in. angle cross section of Problem 9.74 with 
respect to new centroidal axes obtained by rotating the x and y axes 30° 
clockwise. 


SOLUTION 


From Problem 9.83: 


Problem 9.74: 


I x = 0.390 in 4 
T y = 1.09 in 4 



I v = -0.37983 in 4 

The Mohr’ s circle is defined by the diameter XY, where X (0.390. — 0.37983) and Y( 1.09, 0.37983). 


Now 


Aive 2 ( ^' + 'v 

= | (0.390 + 1.09) 
= 0.740 in 4 


and 


R = < 




+ 1 


xy 


-(0.390-1.09) 


+ (-0.37983) 2 


= 0.51650 in 4 


The Mohr’s circle is then drawn as shown. 


or 


tan 26 m 


2(-0.37983) 
0.390-1.09 
= -1.08523 


2 Q m =-47.341° 



Then 


a = 60° - 47.341° = 12.659° 
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PROBLEM 9.95 (Continued) 


Then 


I x , = / ave -R cos a = 0.740 - 0.5 1 650 cos 12.659° 

or I x ,= 0.236 in 4 A 

Iy = / ave + Rcosa = 0.740+ 0.51650cos 12.659° 

or I y = 1.244 in 4 A 


I x y = R sina= 0.5 1650 sin 12.659° 


or I " =0.1132 in 4 A 

a y 
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PROBLEM 9.96 

Using Mohr’s circle, determine the moments of inertia and the 
product of inertia of the L127 x76xl2.7-mm angle cross section 
of Problem 9.78 with respect to new centroidal axes obtained by 
rotating the x and y axes 45° counterclockwise. 


SOLUTION 

From Problem 9.84: I x = 3.93xl0 6 mm 4 

M 

I y =1.06xl0 6 mm 4 

Problem 9.78: 7„ = 1.165061xl0 6 mm 4 

xy 

The Mohr’s circle is defined by the diameter XY, where X (3.93 x I0 6 , 1.165061x10 s ), 
F(1.06xl0 6 , -1.165061x10 s ). 



Now 


/ = — (/_ + / ) = 1(3.93 + 1.06) x 10 s = 2.495 x10 s mm 4 


and 


R = , 




+ / 


xy 


i 

1(3.93-1.06) 

2 

+ 1.16506 1 2 > 


L 



-* 6_4 


= 1 . 84840 x 1 0 6 mm 4 


The Mohr’ s circle is then drawn as shown. 


tan 29 m 


h-Iy 

2(1.1 65061x1 0 s ) 
(3.93- 1.06) x 10 s 
= -0.8 11 89 



or 


20 m =-39.073° 
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PROBLEM 9.97 

For the quarter ellipse of Problem 9.67, use Mohr’s circle to determine 
the orientation of the principal axes at the origin and the corresponding 
values of the moments of inertia. 


SOLUTION 


From Problem 9.79: 




4 


Problem 9.67: 


/„ = ~a A 

xy 2 


The Mohr’s circle is defined by the diameter XY, where 


n 4 1 


X| — a 4 , — a 4 I and Y I —a 4 , ——a 


Now 

and 


I = — (/ + / ) = —\—a 4 + — a 4 | = 0 . 98175 a 

ave 2 y 2l 8 2 1 


R = , 


2 ^ 


+ 1 




'll 

K 4 

n 4^1 

-2 

'! 4 \ 


— a 

a 

+ | 

— Cl 

2 1 

,8 

2 J. 


,2 ) 


= 0.77264n 4 


The Mohr’s circle is then drawn as shown. 
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PROBLEM 9.97 (Continued) 


Now 


The principal axes are obtained by rotating the xy axes through 

20.2° counterclockwise M 



about O. 


or 7 max =1.754n 4 ◄ 

and 7 min =0.209 a 4 ◄ 


From the Mohr’s circle it is seen that the a axis corresponds to / mjn and the b axis corresponds to 7 max . 
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PROBLEM 9.98 

Using Mohr’s circle, determine for the area indicated the orientation 
of the principal centroidal axes and the corresponding values of the 
moments of inertia. 

Area of Problem 9.72. 


SOLUTION 


From Problem 9.80: / = 3.20xl0 6 mm 4 


/ = 7.20x10 s mm 4 


From Problem 9.72: 7 = 2.40xl0 6 mm 4 

xy 


The Mohr’s circle is defined by the diameter XY, where X(3.20xl0 6 , 2.40xl0 6 ) 
and y(7.20xl0 6 , -2.40xl0 6 ). 


Now 


4ve + 

= ^(3.20 + 7.20) xlO 6 mm 4 
= 5.20 x10 s mm 4 


and 


R=. 





+ 1 


*y 


1 


(3.20-7.20) 


+ (2.40) 4 ^xl0°mm 4 


= 3.1241xl0 6 mm 4 


The Mohr’ s circle is then drawn as shown. 

27, 


tan 2 6,„ = 


xy 


or 

and 


- A 

2(2.40xl0 6 ) 
(3.20- 7.20) xlO 6 

26 m = 50.194° 

9,„ = 25.097° 


■ = 1.200 
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PROBLEM 9.98 (Continued) 


Now 


The principal axes are obtained by rotating the xy axes through 

25.1° counterclockwise 4 
about C. 



or 7 max - B.32xl0 6 mm 4 4 

and 7 n • = 2.08xl0 6 mm 4 4 


From the Mohr’s circle it is seen that the a axis corresponds to 7 min and the b axis corresponds to 7 max . 
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PROBLEM 9.99 

Using Mohr’s circle, determine for the area indicated the orientation 
of the principal centroidal axes and the corresponding values of the 
moments of inertia. 

Area of Problem 9.76. 
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PROBLEM 9.99 (Continued) 


The Mohr’s circle is defined by the diameter XY, where X (8430.5, -9011.25) and 7(16150.5, 9011.25). 
Now T =-(T + T ) = 1(8430.5+ 16150.5) = 12290.5 in 4 


and 


R = , 




+ /' 


~i2 


-(8430.5-16150.5) 


+ (-9011.25) 2 


= 9803.17 in 4 


The Mohr’s circle is then drawn as shown. 


or 

and 


Now 


on 21 *y 

tan 26,,-—. 





_ 2(-90 11.25) 

8430.5-16150.5 
= -2.33452 

26 m =-66.812° 

= -33.4° 

The principal axes are obtained by rotating the xy axes through 

33.4° clockwise M 
about C. 



^max, min = ^ave — R ~ 12290.5 ± 9803. 17 


or / , =22.1x10 3 in 4 ◄ 


and 


= 2490 in 4 ◄ 


From the Mohr’s circle it is seen that the a axis corresponds to 7 min and the b axis corresponds to I n 
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PROBLEM 9.100 

Using Mohr’s circle, determine for the area indicated the orientation 
of the principal centroidal axes and the corresponding values of the 
moments of inertia. 

Area of Problem 9.73 


SOLUTION 

From Problem 9.81: 

Problem 9.73: 

The Mohr’ s circle is defined by the diameter XY, where A (324/z\ 864) and F(648/r, -864). 
Now T = -(T + T) = -(324/T + 648/r) = 1526.81 in 4 


I r = 324 k in 4 I = 648 n in 4 

x y 


I =864 in 4 

xy 


and 


= 




+ 1 


XV 


1 


" 1 “ 


(324^-648^-) 


+ 864“ 


= 1002.75 in 4 


The Mohr’ s circle is then drawn as shown. 


or 

and 


27 

tan 29 =- _ _ 

I -l 

x y 

2(864) 
324;r - 648^ 
= 1.69765 

2 6 m = 59.4998° 

<9 = 29.7° 



The principal axes are obtained by rotating the xy axes through 

29.7° counterclockwise M 
about C. 
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PROBLEM 9.101 

Using Mohr’s circle, determine for the area indicated the orientation 
of the principal centroidal axes and the corresponding values of the 
moments of inertia. 

Area of Problem 9.74. 


SOLUTION 

From Problem 9.83: 


/ , =0.390 in 4 


/ y =1.09 in 4 


/„ = -0.37983 in 4 


Problem 9.74: 

The Mohr’s circle is defined by the diameter XY, where X (0.390, - 0.37983) and F(1.09, 0.37983). 
Now 7 aye =I(/ t +7 v ) = 2(0.390 + 1.09) = 0.740 in 4 


and 


R = , 




+ 1 


xy 


1 


(0.390-1.09) 


+ (-0.37983)- 


= 0.51650 in 4 


The Mohr’ s circle is then drawn as shown. 


21 

tan 26 - — =- 

7-7, 


Then 

and 



2(-0.37983) 
0.390-1.09 
= -1.08523 


26 m = -47.341° 

0 m =- 23 . 7 ° 

The principal axes are obtained by rotating the xy axes through 

23.1° clockwise A 
about C. 
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PROBLEM 9.101 (Continued) 


Now 


^max.mm = / ave ± = 0.740 ± 0.51650 



or 

and 


7 max = 1.257 in 4 ◄ 
7 min = 0.224 in 4 ◄ 


From the Mohr’s circle it is seen that the a axis corresponds to 7 min and the b axis corresponds to 7 max . 
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PROBLEM 9.102 

Using Mohr’s circle, determine for the area indicated the orientation of 
the principal centroidal axes and the corresponding values of the 
moments of inertia. 

Area of Problem 9.77 

(The moments of inertia l x and / of the area of Problem 9.102 
were determined in Problem 9.44). 


SOLUTION 

From Problem 9.44: 


l x =18.1282 in 4 
7 V = 4.5080 in 4 


I = -4.25320 in 4 

A.y 


Problem 9.77: 

The Mohr’s circle is defined by the diameter XT, where X (18. 1282, -4.25320) and T(4.5080, 4.25320). 
Now 


. I x + / v ) 

2 ' y 2 


7 ave = ~ (7 r + / y ) — — (! 8. !282 + 4.5080) — il.31-8 1 in 4 


and 


R = , 


h-Iy) 


+ /,: 




—(18. 1282 — 4.5080) 


+ (-4.25320) 2 


= 8.02915 in 4 


The Mohr’s circle is then drawn as shown. 


tan 2 0 - - A _ 
h~Iy 


2(-4.25320) 



or 

and 


18.1282-4.5080 
= 0.62454 

26 m =31.986° 

= 15-99° 

The principal axes are obtained by rotating the xy axes through 

15.99° counterclockwise A 
about C. 
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PROBLEM 9.103 

The moments and product of inertia of an L4 x 3 X 4 -in. angle cross section with respect to two rectangular 
axes x and y through C are, respectively, I x = 1.33 in 4 , 7 V = 2.75 in 4 , and I xy < 0, with the minimum value of 
the moment of inertia of the area with respect to any axis through C being 7 min — 0.692 in 4 . Using Mohr’s 
circle, determine (a) the product of inertia I xy of the area, (b) the orientation of the principal axes, (c) the value 
of / max- 


SOLUTION 


{Note: A review of a table of rolled-steel shapes reveals that the given values of I x and 7 are obtained when 
the 4-in. leg of the angle is parallel to the x axis. Further, for / < 0, the angle must be oriented as shown.) 


Now 

and 


/ave - \v x + 1 y) = hi .33 + 2.75) = 2.040 in 4 


Anin^ave-* * = 2.040-0.692 


D 


= 1.348 in 4 

Using 7 ave and 7?, the Mohr’s circle is then drawn as shown; note that for the diameter XT, X 0 .33, 7 ) and 
T(2.75, 17^1). 

(a) We have 7 ? 2 = ^(T x -T y )\ +1 ; 


or 


I xv = 1.348 2 - 


1 


(1.33-2.75) 



Solving for / and taking the negative root (since 1^ < 0) yields 1^ = —1.14586 in 4 . 


xy 




(, b ) We have 


or 


(c) We have 


/ =-1.146 in 4 ◄ 

A.y 

. .. 2(-l. 14586) 

tan 2 9 m = -= — ^ = 

7 —7 1.33-2.75 

y 

= -1.61389 

20 m =-58.217° 6 m = -29.1° 

The principal axes are obtained by rotating the xy axes through 

29.1° clockwise A 
about C. 

4ax=4e +* = 2.040 + 1.348 


or 


7_ = 3.39 in 4 ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1538 






PROBLEM 9.104 

Using Mohr’s circle, determine for the cross section of the rolled- 
steel angle shown the orientation of the principal centroidal axes 
and the corresponding values of the moments of inertia. (Properties 
of the cross sections are given in Figure 9.13.) 


SOLUTION 


From Figure 9. 1 3B : 


We have 

For each rectangle 
and 


I x =0. 162xl0 6 mm 4 
T y = 0.454xl0 6 mm 4 



! xy = l xY + xyA 

I x'y = 0 (symmetry) I xy = ZIy/l 



A, mm 2 

x, mm 

y, mm 

xyA, mm 4 

1 

76x6.4 = 486.4 

-13.1 

9.2 

-58620.93 

2 

6.4x (5 1-6.4) = 285.44 

21.7 

-16.3 

-100962.98 

S 




-159583.91 


/„ =-159584 mm 4 

The Mohr’s circle is defined by the diameter XY where X (0. 1 62 x I0 6 , - 0. 159584 xlO 6 ) 
and F(0.454xl0 6 , 0.159584xl0 6 ) 

Now 7 ave = I (I x + 7 v ) = I (0. 1 62 + 0.454) x 1 0 6 

= 0.3080xl0 6 mm 4 
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PROBLEM 9.104 (Continued) 


and 


R = . 



2 

+ I xy =\ 

| 

-(0.162-0.454) 

2 

+ (-0. 159584) 2 > 







xlO 6 


= 0.21629x10 s mm 4 


The Mohr’ s circle is then drawn as shown. 

2 A'V 

tan 26 = ^ 

7-7 

x y 

2(-0.1 59584x1 0 6 ) 
(0. 162- 0.454) xlO 6 
= -1.09304 

or 26 m = -47.545 

and 6 m =- 23.8° 



The principal axes are obtained by rotating the xy axes through 

23.8° clockwise A 
About C. 


Now 


= 4ve ±R = (0.3080 ± 0.21629) xlO 6 


or 

and 


7 max -0.524 xlO 6 mm 4 ◄ 
7 m . =0.0917 xlO 6 mm 4 ◄ 



From the Mohr’ s circle it is seen that the a axis corresponds to 7 min and the b axis corresponds to 7 max . 
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PROBLEM 9.105 

Using Mohr’s circle, determine for the cross section of the rolled- 
steel angle shown the orientation of the principal centroidal axes and 
the corresponding values of the moments of inertia. (Properties of 
the cross sections are given in Figure 9.13.) 


SOLUTION 


From Figure 9. 1 3B : 


Problem 9.7B: 


I x — 3.93xl0 6 mm 4 
T y = 1.06X10 6 mm 4 

7^=-!. 165061x10 s mm 4 


(Note that the figure of Problem 9.105 is obtained by replacing x with —x in the figure of Problem 9.78; thus 
the change in sign of / AV . ) 

The Mohr’s circle is defined by the diameter XY, where X (3.93 x 10 s , - 1.1 65061x10 s ) 
and F(1.06xl0 s , 1.165061x10 s ). 

Now Ttvc = 

= —(3.93 + 1.06) x 10 s 
2 

= 2.495 x10 s mm 4 


and 


R = , 


\_- - 
2 


~|2 




+ /; 


^(3.93-1.06) 


+ (-1.165061) 2 xlO' 


= 1.84840x1 0 s mm 4 
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PROBLEM 9.105 (Continued) 


The Mohr’ s circle is then drawn as shown. 

27, 

tan 20, „ = 


or 


and 


Now 


I X ~Iy 



2(-1.165061xl0 b ) 

(3.93- 1.06) xlO 6 
= 0.81189 

20 m = 39.073° 

0 m = 19.54° 

The principal axes are obtained by rotating the xy axes through 

19.54° counterclockwise A 
about C. 

7 =/ ave ±i? = (2.495 ±1.84840) xlO 6 


max, min ave 


or 


Anax =4. 34 xlO 6 mm 4 ^ 


and 7 min =0.647 xlO 6 mm 4 ^ 


‘\i 




5«t° 


V7Z/Z7ZZ 


From the Mohr’s circle it is seen that the a axis corresponds to / max and the b axis corresponds to I „ 
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PROBLEM 9.106* 

For a given area the moments of inertia with respect to two rectangular centroidal x and y axes are 
I x — 1200 in 4 and 7 = 300 in 4 , respectively. Knowing that after rotating the x and y axes about the centroid 
30° counterclockwise, the moment of inertia relative to the rotated x axis is 1450 in 4 , use Mohr’s circle to 
determine (a) the orientation of the principal axes, ( b ) the principal centroidal moments of inertia. 


SOLUTION 

We have 


'ave = +I v ) = ^(1200 + 300) - 750 in. 4 


2 y 2 

Now observe that I x > 7 avc , I X '>I X , and 20 - +60°. This is possible only if / < 0. Therefore, assume 
7 < 0 and (for convenience) 7 • • > 0. Mohr’s circle is then drawn as shown. 


We have 

Now using AABD: 


20 m + o: — 60° 

rJ- L 


cos 2 


1200-750 
cos 26 m 
450 


Using A AEF\ 


r _ I x ^avc 


cos a 


cos 2 Q h 

1450-750 
cos a 


(in 4 ) 


700 


cos a 


(in 4 ) 



Then 


or 


450 


700 


a = 60°- 20, „ 


Expanding: 


or 


or 


cos 2 0 m cos a 

9 cos (60° - 20 m ) = 14 cos 20 m 

9(cos 60° cos 26 m + sin 60° sin 26 m ) = 14 cos 26 m 

14-9cos60° . - 100 _ 

tan 26... = = 1.21885 

m 9 sin 60° 

20 =50.633° and 0 =25.3° 


{Note: 2 6 m < 60° implies assumption 7 tV > 0 is correct.) 


Finally, 


7? = - 


450 


cos 50.633° 


- = 709.46 in 4 


(a) From the Mohr’ s circle it is seen that the principal axes are obtained by rotating the given centroidal x 
and y axes through 6 m about the centroid C or 

25.3° counterclockwise M 
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PROBLEM 9.107 

It is known that for a given area I = 48 x I0 6 mm 4 and I X y = -20 x I0 6 mm 4 , where the x and y axes are 
rectangular centroidal axes. If the axis corresponding to the maximum product of inertia is obtained by rotating 
the x axis 67.5° counterclockwise about C, use Mohr’s circle to determine (a) the moment of inertia 1 x of the 
area, ( b ) the principal centroidal moments of inertia. 


SOLUTION 


First assume 1 x > I v and then draw the Mohr’s circle as shown. {Note: Assuming I x < 1 is not consistent with 
the requirement that the axis corresponding to f/ tv ) max is obtained after rotating the x axis through 67.5° CCW.) 



From the Mohr’s circle we have 


26 m = 2(67.5°) - 90° = 45 c 
(a) From the Mohr’s circle we have 


/, = /„ + 2 — — = 48 xl 0 6 + 2- 2 ° Xl ° 6 


tan 2 


tan 45° 


( b ) We have 


^ave=|(^ + ^) = |(88.0 + 48) X 10 6 
= 68.0xl0 6 mm 4 


or 


/ . =88.0xl0 6 mm 4 ◄ 


and 


R = l/rvl = 20X10 = 28.284xl0 6 mm 4 
sin 26„, sin 45° 


Now 


/max. min = 4ve ± * = (68.0 ± 28.284) X 10 b 


or / m ax - 96.3xl0 6 mm 4 4 
and 7 niin =39.7xl0 6 mm 4 ◄ 
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PROBLEM 9.108 

Using Mohr’s circle, show that for any regular polygon (such as a pentagon) (a) the moment of inertia with 
respect to every axis through the centroid is the same, ( b ) the product of inertia with respect to every pair of 
rectangular axes through the centroid is zero. 


SOLUTION 

Consider the regular pentagon shown, with centroidal axes x and y. 



Because the y axis is an axis of symmetry, it follows that I xv = 0. Since 7 =0, the x and y axes must be 
principal axes. Assuming 1 x = 7 max and I y = 7 min . the Mohr’s circle is then drawn as shown. 





Now rotate the coordinate axes through an angle a as shown; the resulting moments of inertia, / t < and I y >, and 
product of inertia, I x y, are indicated on the Mohr’s circle. However, the x axis is an axis of symmetry, 
which implies I x y = 0. For this to be possible on the Mohr’s circle, the radius R must be equal to zero (thus, 
the circle degenerates into a point). With R- 0, it immediately follows that 

(a) I x - I , = I x ' = I > = 7 ave (for all moments of inertia with respect to an axis through C) A 

(b) I - I x y = 0 (for all products of inertia with respect to all pairs of rectangular axes with origin at C) A 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1546 





PROBLEM 9.109 

Using Mohr’s circle, prove that the expression lyly - lyy is independent of the orientation of the x and y' 
axes, where Iy, Iy, and lyy represent the moments and product of inertia, respectively, of a given area with 
respect to a pair of rectangular axes x' and y' through a given Point O. Also show that the given expression is 
equal to the square of the length of the tangent drawn from the origin of the coordinate system to Mohr’s 
circle. 


SOLUTION 


First observe that for a given area A and origin O of a rectangular coordinate system, the values of 7 ave and R 
are the same for all orientations of the coordinate axes. Shown below is a Mohr’s circle, with the moments of 
inertia, Iy and Iy, and the product of inertia, I x y, having been computed for an arbitrary orientation of the 
x'y axes. 



From the Mohr’s circle 




Then, forming the expression 


h’ = I-dve + R cos 20 
Iy' = I-dve ~ R COS 20 
lyy = R sin 26 


I -I - - I * ■ 

x y xy 



r 


v sUy 




i 


lyly ~ lyy = (/ ave + R cos 2 6)(I me - R cos 26) - (R sin 2d f 


= (/ ave - R 2 cos 2 26) - (R 1 sin 2 26) 


= ii 


- R which is a constant 


lyly - lyy is independent of the orientation of the coordinate axes Q.E.D. A 


Shown is a Mohr’s circle, with line OA, of length L, the required tangent. 
Noting that OAC is a right angle, it follows that 


l 2 = iL~ r2 
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PROBLEM 9.110 

Using the invariance property established in the preceding problem, express the 
product of inertia I xy of an area A with respect to a pair of rectangular axes 
through O in terms of the moments of inertia f x and 7 V of A and the principal 
moments of inertia / min and 7 max of A about O. Use the formula obtained to 
calculate the product of inertia I xy of the L3 X 2 x j -in. angle cross section shown 
in Figure 9. 13 A, knowing that its maximum moment of inertia is 1.257 in 4 . 


SOLUTION 


Consider the following two sets of moments and products of inertia, which correspond to two different 
orientations of the coordinate axes whole origin is at Point O. 


Case 1: 
Case 2: 


I x I x ' A' I y ' ^ \ v I xy 


7 , = 7„ 


Ay' Anin - 


V =0 


The invariance property then requires 


From Figure 9. 13 A: 


1 1 ~r = i i 

x y xy max min 


/ =1.09 in 4 


I xy — \j I x I y Anax ^min ^ 


Using Eq. (9.21): 
Substituting 


I y =0.390 in 4 


I x I y Anax A n i n 


1.09 + 0.390 = 1.257 + / min 


or 


Then 


7 min = 0.223 in 4 

= yla .09X0.390) - (1.257X0.223) 
= ±0.381 in 4 

The two roots correspond to the following two orientations of the cross section. 

For 


7„ =-0.381 in 4 ◄ 

A.y 


and for 


7 =0.381 in 4 ◄ 

Ay 
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A' 


PROBLEM 9.111 


A thin plate of mass m is cut in the shape of an equilateral triangle of side a. 
Determine the mass moment of inertia of the plate with respect to (a) the 
centroidal axes AA' and BB', (b) the centroidal axis CC’ that is perpendicular 
to the plate. 
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PROBLEM 9.112 

The elliptical ring shown was cut from a thin, uniform plate. 
Denoting the mass of the ring by m, determine its mass moment of 
inertia with respect to (a) the centroidal axis BB', (b) the centroidal 
axis CC’ that is perpendicular to the plane of the ring. 


SOLUTION 



First note 

Mass = m = pV = ptA 



- ptx r/[(2a)(2b) - ab ] 
= 3 K ptab 


Also 

Amiss P ^ Aire a 



m 

~ n , *area 

iKab 


(a) Using Figure 9.12, 

I BB', area = ^[(2fl)(26) 3 - flZA ] 



= — nab 1 
4 


Then 

r m 15 ,3 

Ur' muss = X — nab 

3nab 4 

or 1 BB ’ = 2 . mb 2 4 

(b) Using Figure 9.12 and symmetry, we can conclude that 



1 - 5 2 

' AA', mass ^ 


Now 

^CC',mass ^ AA', mass^ - ^ BB', mass 



= — ma 2 + — mb 2 
4 4 

or I CC ’ = ^m(a 2 + b 2 ) 
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A' 


PROBLEM 9.113 



P 


A thin semicircular plate has a radius a and a mass m. Determine the 
mass moment of inertia of the plate with respect to (a) the centroidal 
axis BB', (b) the centroidal axis CC’ that is perpendicular to the plate. 

B^ 


A 

C' 
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PROBLEM 9.114 



The quarter ring shown has a mass m and was cut from a thin, uniform 
plate. Knowing that — j r 2 , determine the mass moment of inertia of the 
quarter ring with respect to (a) the axis AA', (b) the centroidal axis CC’ that 
is perpendicular to the plane of the quarter ring. 
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y 

B > 

i\ PROBLEM 9.115 


A > 


a B' 

.<2 A piece of thin, uniform sheet metal is 

cut to form the machine 


component shown. Denoting the mass 
determine its mass moment of inertia 

of the component by m, 
with respect to (a) the 




x ax ^ s ’ y ax ^ s - 

^ • - 
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y 

Bv 

\ PROBLEM 9.116 

Ay 

.A ’ 

a B' 

^^2 A piece of thin, uniform sheet metal is cut to form the machine component 


kj 

shown. Denoting the mass of the component by m, determine its mass 
. moment of inertia with respect to (a) the axis AA', (b) the axis BB', where 

the AA' and BB' axes are parallel to the x axis and lie in a plane parallel to 



and at a distance a above the xz plane. 

£ 
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y 


PROBLEM 9.117 




A thin plate of mass m was cut in the shape of a parallelogram as 
shown. Determine the mass moment of inertia of the plate with respect 
to (a) the x axis, (b) the axis BB', which is perpendicular to the plate. 



><i. 

\ 1 

% 



X 


B‘ 
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PROBLEM 9.119 

Determine by direct integration the mass moment of inertia 
with respect to the z axis of the right circular cylinder shown, 
assuming that it has a uniform density and a mass m. 
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y 

\ 

\ 

\ 

\ 

PROBLEM 9.121 

i 

l 


\ k 

y=x 

The area shown is revolved about the x axis to form a 
homogeneous solid of revolution of mass m. Determine by 
direct integration the mass moment of inertia of the solid 
with respect to (a) the x axis, (b) the y axis. Express your 
answers in terms of m and the dimensions of the solid. 



, °-T * 
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PROBLEM 9.122 (Continued) 


For pyramid, 


m = pv = — pcibh 


Thus: 


1 = 


(1 tl ) 

( h 2 

3 h 2 } 

— pcibh 

1 

v 3 J 

l 5 

5 J 


I x = —m(b 2 +3h 2 ) ◄ 
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PROBLEM 9.127 

Shown is the cross section of an idler roller. Determine its mass 
moment of inertia and its radius of gyration with respect to the 
axis AA'. (The specific weight of bronze is 0.310 lb/in 3 ; of 
aluminum, 0.100 lb/in 3 ; and of neoprene, 0.0452 lb/in 3 .) 


SOLUTION 


First note for the cylindrical ring shown that 



Now treat the roller as three concentric rings and, working from the bronze outward, we have 


m = — x— ft/s 2 J (0.310 lb/in 3 ) 
4 32.2 


(13. 'I 

A' 

f 

of 

— in. 

\16 J 

U 

]" 

UJ J 


in" 


+ (0.100 lb/in 3 ) 


11 

16 


-in. 


2 ^3" 2 


in" 


(ii. i 

V.r 

f | 

(if 

-1 

— in. 

i- 



in" 

V 16 J 

8. 

J 1 

UJ j 

1 


+(0.0452 lb/in 3 ) 


= (479.96 + 1 83.41 + 769.80) x 10” 6 lb • s 2 /ft 
= 1.4332xl0^ 3 lb • s 2 /ft 
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Polycarbonate 



17.5 mm 


PROBLEM 9.128 

Shown is the cross section of a molded flat-belt pulley. 
Determine its mass moment of inertia and its radius of 
gyration with respect to the axis AA'. (The density of 
brass is 8650 kg/m 3 and the density of the fiber-reinforced 
polycarbonate used is 1250 kg/m 3 .) 
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y 



PROBLEM 9.129 

|C5 



The machine part shown is formed by machining a conical 
surface into a circular cylinder. For b-jh, determine the mass 
moment of inertia and the radius of gyration of the machine part 
with respect to the y axis. 



b 

Of 

_ 


X 
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PROBLEM 9.130 

y 


Given the dimensions and the mass m of the thin conical shell 


s' 

shown, determine the mass moment of inertia and the radius of 



gyration of the shell with respect to the x axis. (Hint: Assume that 


N // 
\\ s / 

the shell was formed by removing a cone with a circular base of 
radius a from a cone with a circular base of radius a + t, where t is 



the thickness of the wall. In the resulting expressions, neglect terms 


z 

containing t 2 , f 3 , etc. Do not forget to account for the difference in 
the heights of the two cones.) 
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PROBLEM 9.131 

A square hole is centered in and extends through the aluminum 
machine component shown. Determine (a) the value of a for which 
the mass moment of inertia of the component with respect to the axis 
AA', which bisects the top surface of the hole, is maximum, (b) the 
corresponding values of the mass moment of inertia and the radius of 
gyration with respect to the axis AA'. (The specific weight of 
aluminum is 0.100 lb/in 3 .) 
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PROBLEM 9.132 

The cups and the arms of an anemometer are fabricated from a 
material of density p. Knowing that the mass moment of inertia 
of a thin, hemispherical shell of mass m and thickness t with 
respect to its centroidal axis GG' is 5ma 2 /l2, determine (a) the 
mass moment of inertia of the anemometer with respect to the 
axis AA', (b) the ratio of a to / for which the centroidal moment 
of inertia of the cups is equal to 1 percent of the moment of 
inertia of the cups with respect to the axis AA'. 
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PROBLEM 9.132 (Continued) 


(b) 


We have 

(^GG')cup 0 01 

(^AA')cup 

or 

yy m cup a2 = °-°Kup (j fl2 + 2Ia + 

Now let C = —■ 
l 


Then 

5^ 2 =0.12^ 2 + 2^ + lJ 

or 

-p. 

0 

K> 

1 

“N 

1 

II 

O 

Then 

r _2±^ (— 2) 2 - 4(40)(— 1) 
6 2(40) 

or 

C, = 0.1851 and £"=-0.1351 


(from part a) 


— = 0.1851 ◄ 
l 
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PROBLEM 9.133 

After a period of use, one of the blades of a shredder has been worn to the 
shape shown and is of mass 0.18 kg. Knowing that the mass moments of 
inertia of the blade with respect to the AA' and BB' axes are 0.320 g m 2 
and 0.680 g m 2 , respectively, determine (a) the location of the centroidal 
axis GG', (b) the radius of gyration with respect to axis GG' . 
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0.4 in. 


A’ 


2.4 ill. 



PROBLEM 9.134 

Determine the mass moment of inertia of the 0.9-lb machine component shown 
with respect to the axis AA'. 


SOLUTION 


First note that the given shape can be formed adding a small cone to a cylinder and then removing a larger 
cone as indicated. 


Now 



The weight of the body is given by 

W = mg = g(m t + m 2 -m 3 ) = pg(V x + V 2 - V 3 ) 


or 0.9 lb = px 32.2 ft/s 2 

^■(0.8) 2 (2.4) + j(0.2) 2 (1.2)- j(0.6) 2 (3.6) 

= px 32.2 ft/s 2 (2.79253 + 0.02909 -0.78540) xl0~ 3 ft 3 
or /? = 13.7266 lb-s 2 /ft 4 

Then m x = (13.7266)(2.79253xl0~ 3 ) = 0.038332 lb • s 2 /ft 

m 2 = (13.7266)(0.02909 x 10~ 3 ) = 0.000399 lb • s 2 /ft 
m 3 — (13.7266)(0.78540xl0~ 3 ) = 0.010781 lb • s 2 /ft 


in 3 x 


lft 
12 in. 
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To the instructor: 


The following formulas for the mass moment of inertia of thin plates and a half cylindrical shell are derived at 
this time for use in the solutions of Problems 9.135 through 9.140. 

Thin rectangular plate 


( I x)m = ( J x)m + md 


= — m(b 2 + h 2 ) + m 

12 

= —m(b 2 + h 1 ) 

3 


(h 22 


+ 




( I y)m=( I y')m +md 


1 


f b 


— — mb~ + m — = —mb 


12 


u 


1 



Thin triangular plate 
We have 

and 

Then 


Similarly, 

Now 

Thin semicircular plate 
We have 

and 


I z =(!-') m +md- 


= — mh~ + m 

12 


2 J 3 


m = pV = p 


—bht 

2 


7 ’’ arca 36 ^ 


h., mass P d z, area 

1 ,,3 

= ptx — bh 

36 

= — mh 2 

18 

Amass = 


A mass ^y, mass Amass 


1 

18 


m(b 2 + h 2 ) 


m = pV = p\ -^a 2 t 


T -I — — 4 

* y , area * z , area _ g ^ 




i 
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(Continued) 


Then 


^v.mass Cmass P^ 


y , area 

7T 4 

= ptx — a 

8 

1 2 

= —ma 
4 


Now 


T J . J ^ 2 

^ a, mass — ^ y. mass ' mass — 


Also 


and 


9 

I = I ' + 7?7v or / / = m 

x,mass a .mass V ^ X x,mass 


1 16 


Amass I z'.mass + m V~ OF A, mass m \ . 


2 9/r 
( 1 16 


V4 9 n 


Thin Quarter-Circular Plate 
We have 


y = z = 


4 a 

3 K 


m = pV = p 


it 2 

—at 

4 


and 

Then 


Now 

Also 

or 


T — J — 71 4 

^v,area ^z.area — ^ ^ 

16 


A.mass Amass P^y, area 

7C 4 

= ptx — a 
16 

1 2 

= — ma 

4 

j j . j ^ 2 

*x,mass — ^y,mass ' * z , mass WlCl 

I —1> 

x,mass x ,mass w / 

7 f 1 32 

/ r YY\ \ — 

*x,mass \ n, ^ 2 


V2 9/r 



and 


^j,mass ^/,mass 


—2 


or 


, | 1 16 I 2 
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y 


PROBLEM 9.135 

3 

,0.4S m 

t>. 

A 2-mm thick piece of sheet steel is cut and bent into the machine 
component shown. Knowing that the density of steel is 7850 kg/m 3 , 
determine the mass moment of inertia of the component with 
respect to each of the coordinate axes. 


~ 0.76 in 

\ 


\ 


SOLUTION 

First compute the mass of each component. We have 

m — PsA ~ Pst { A 


Then 


m, = (7850 kg/m 3 X0.002 m)(0.76x0.48) m 2 



1 


= 5.72736 kg 

m 2 = (7850 kg/m 3 )(0.002 m)| 

= 2.86368 kg 

m 3 = (7850 kg/m 3 )(0.002 m)| 

= 2.84101 kg 

Using Figure 9.28 for component 1 and the equations derived above for components 2 and 3, we have 

/ x =(/ r )l+(/ A .) 2 +(/,)3 


-x0.76x0.48 | m 

v2 


( — xO.48 2 | m 2 

v4 


1 


—(5.72736 kg)(0.48 m)“ + (5.72736 kg) | m 


0.48 


1 2 

f 0.48 V 


1 ?’ 

—(2.86368 kg)(0.48 m) 2 + (2.86368 kg) 
18 

m 

l 3 ) \ 

+ 

-(2.84101 kg)(0.48 m) 2 


= [(0. 109965 + 0.329896) + (0.036655 + 0.0733 10) + (0.327284)] kg • m 2 
= (0.43986 1 + 0. 109965 + 0.327284) kg • m 2 


or I x =0.877 kg -m 2 4 
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PROBLEM 9.135 (Continued) 


I y =(I y \+(I y ) 2 +(I y ) 3 

[l 


12 


(5.72736 kg)(0.76 2 + 0.48 2 ) m 2 +(5.72736 kg) 


0.76? f(X48^ 2 


m 



1 2 

( 0.76 V 


1 2 

+ 

—(2.86368 kg)(0.76 m) 2 + (2.86368 kg) 

o m 

+ 

-(2.84101 kg)(0.48 m) 2 


18 

l 3 ) J 


4 


: [(0.385642 + 1 .156927) + (0.09 1 892 + 0. 183785) + (0. 1 63642)] kg • m 2 
: (1 .542590 + 0.275677 + 0. 163642) kg • m 2 


or I = 1.982 kg -m 2 4 


I Z =(I Z \+(I Z ) 2 +(I Z ) 3 


1 2 

( 0.76 ? 

—(5.72736 kg)(0.76 m)“ + (5.72736 kg) 

„ m 

12 

l 2 ) 


+ —(2.86368 kg)(0.76 2 + 0.48 2 ) m 2 + (2.86368 kg) 
18 


0.76 


+ 


0.48 


m 


+ 


?(2. 84101 kg)(0.48 m) 2 


L = [(0.275677 + 0.82703 1) + (0. 128548 + 0.257095) 
+ (0.163642)] kg -m 2 

= (1. 102708 + 0.385643 + 0.163642) kg • m 2 


or / = 1 .652 kg • m 2 4 
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J 

PROBLEM 9.136 


A 2-mm thick piece of sheet steel is cut and bent into the machine 

s' ^ 

component shown. Knowing that the density of steel is 7850 kg/m 3 , 

/ 195 nim / 

determine the mass moment of inertia of the component with respect 

/ 

to each of the coordinate axes. 





M ' v 


SOLUTION 

First compute the mass of each component. We have 
m ~ PsA = PspA 


Then 


m, = (7850 kg/m 3 )(0.002 m)(0.35x0.39) m 2 


= 2.14305 kg 


m 2 = (7850 kg/m 3 )(0. 002 m) 



7T o 

— xO.195” 
2 


nr = 0.93775 kg 


m 3 = (7850 kg/m )(0.002 m)l -x 0.39x0. 15 Jm z = 0.45923 kg 

Using Figure 9.28 for component 1 and the equations derived above for components 2 and 3, we have 
I X =(h\+(I*)2+(I*)3 


1 2 

f 0.39 > 

2 

—(2.14305 kg)(0.39 m) 2 + (2.14305 kg) 



12 

l 2 ) 



(1 16) , 

( 4x0.195 V 

J 

, (0.93775 kg)(0.195 m) 2 + (0.93775 kg) 

+ (0.195) 2 

m- 

U 9 n 2 J 

\ 'in ) 




J 


+ < 


+ —(0.45923 kg)[(0.39) 2 + (0.15) 2 ] m 2 + (0.45923 kg) 
18 


0.39 


+ 


f 0.15^ 


v j j 


m 


= [(0.027163 + 0.081489) + (0.01 1406 + 0.042081) + (0.004455 + 0.008909)] kg • m 2 
= (0. 108652 + 0.053487 + 0.013364) kg • m 2 
= 0.175503 kg m 2 


or l x =175.5 xlO -3 kg- m 2 ◄ 
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PROBLEM 9.136 (Continued) 


/ =(/ y ) 1 +(/ y ) 2 +(/J 3 


= <j ^-(2.14305 kg)[(0.35) 2 +(0.39) 2 ] m 2 +(2.14305 kg) 


0.35 


2 + ( 0.39 


m 


+ 


-(0.93775 kg)(0.195 m) 2 +(0.93775 kg)(0.195 m) 2 

4 


+ -^-(0.45923 kg)(0.39 m) 2 + (0.45923 kg) 


(0.35) 2 + 


0.39 


nr 


= [(0.049040 + 0. 147120) + (0.008914 + 0.035658) 
+ (0.003880 + 0.064017)] kg • m 2 
= (0.196160 + 0.044572 + 0.067897) kg • m 2 
= 0.308629 kg • m 2 


or 7 V = 309xl0~ 3 kg m 2 ◄ 


I Z = (I Z \+(I Z ) 2 + (I Z ) 3 


1 9 

f 0.35 V 

—(2.14305 kg)(0.35 m) 2 + (2.14305 kg) 


12 

l 2 J 


+ 


^(0.93775 kg)(0. 195 m) 2 


+ -^-(0.45923 kg)(0.15 m) 2 + (0.45923 kg) 


(0.35) 2 + 

f°fT] 

nr 2 ] 


v 3 J \ 

1 


= [(0.02 1 877 + 0.06563 1) + 0.0089 14) + (0.000574 + 0.057404)] kg • m 2 

- (0.087508 + 0.008914 + 0.057978) kg • m 2 
= 0.1 54400 kg m 2 


or I_ = 154.4x10 3 kg • m 2 4 
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PROBLEM 9.137 



A subassembly for a model airplane is fabricated from three pieces of 1.5-mm 
plywood. Neglecting the mass of the adhesive used to assemble the three 
pieces, determine the mass moment of inertia of the subassembly with respect 
to each of the coordinate axes. (The density of the plywood is 780 kg/m 3 .) 


~ 300 mm 
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PROBLEM 9.138 

The cover for an electronic device is formed from sheet aluminum 
that is 0.05 in. thick. Determine the mass moment of inertia of the 
cover with respect to each of the coordinate axes. (The specific 
weight of aluminum is 0.100 lb/in 3 .) 
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PROBLEM 9.139 

A framing anchor is formed of 0.05-in.-thick galvanized steel. Determine the 
mass moment of inertia of the anchor with respect to each of the coordinate 
axes. (The specific weight of galvanized steel is 470 lb/ft 3 .) 
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PROBLEM 9.140* 

A farmer constructs a trough by welding a rectangular piece of 
2-mm-thick sheet steel to half of a steel drum. Knowing that 
the density of steel is 7850 kg/m 3 and that the thickness of the 
walls of the drum is 1.8 mm, determine the mass moment of 
inertia of the trough with respect to each of the coordinate 
axes. Neglect the mass of the welds. 


SOLUTION 

First compute the mass of each component. We have 

m ~ PsN ~ PsjtA 

Then 



m, = (7850 kg/m 3 )(0.002 m)(0. 84x0.21) m 2 
= 2.76948 kg 

m 2 = (7850 kg/m 3 )(0.0018 m)(;rx 0.285x0.84) m 2 
= 10.62713 kg 


n 3 = m 4 = (7850 kg/m 3 )(0.0018 m) — x 0.285 


m 

A 2 J 

= 1.80282 kg 

Using Figure 9.28 for component 1 and the equations derived above for components 2 through 4, we have 

(A) 3 =(A ) 4 

A=(A)i+(A)2+(A)3+(A)4 


1 2 1 

( 0.2lY 2 

—(2.76948 kg)(0.21 m)“ + (2.76948 kg) 

0.285 m 2 

12 

l 2 ) 


+ [(10.62713 kg)(0.285 m)-] + 2 


^(1.80282 kg)(0.285m) 2 


= [(0.01018 + 0.08973) + (0.86319) + 2(0.07322)] kg • m 2 
= [(0.09991 + 0.86319 + 2(0.07322)] kg • m 2 


or I x = 1.110 kg m 2 4 
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PROBLEM 9.141 

The machine element shown is fabricated from steel. Determine the 
mass moment of inertia of the assembly with respect to (a) the x axis, 
( b ) the y axis, (c) the z axis. (The density of steel is 7850 kg/m 3 .) 


SOLUTION 

First compute the mass of each component. We have 

m — p ST V 


Then 


m x = (7850 kg/m 3 )(/r(0.08 m) 2 (0.04 m)] 

= 6.31334 kg 

m 2 = (7850 kg/m 3 )[;r(0.02 m) 2 (0.06 m)] = 0.59188 kg 



m 3 = (7850 kg/m 3 ) [^"(0.02 m) 2 (0.04 m)] = 0.39458 kg 


Using Figure 9.28 and the parallel-axis theorem, we have 
(fl) i x = (i x ) i + (i x ) 2 -(i x ) 3 

1 


= \ —(6.31334 kg)[3(0.08) + (0.04)'] nr + (6.31334 kg)(0.02 my 


+<! ^-(0.59188 kg)[3(0.02) 2 + (0.06) 2 ] m 2 + (0.59188 kg)(0.03 m) 2 


—(0.39458 kg)[3(0.02) 2 +(0.04) 2 ] m 2 + (0.39458 kg)(0.02 m) 2 


= [(10.943 12 + 2.52534) + (0.23675 + 0.53269) 
- (0.09207 + 0. 15783)] x 10“ 3 kg • m 2 


: (13.46846 + 0.76944 - 0.24990) x 10“ 3 kg • m 2 
■ 1 3 .98800 x 1 0~ 3 kg • m 2 


or I x = 13.99 xlO -3 kg • m 2 ◄ 
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PROBLEM 9.141 (Continued) 


(b) 


I =(/ X +(/ ),-(/ ) 3 


^(6.31334 kg)(0.08m) 2 


+ 1 ^(0.59188 kg)(0.02 m) 2 + (0.59188 kg)(0.04 m) 2 

^-(0.39458 kg)(0.02 m 2 ) + (0.39458 kg)(0.04m) 2 

= [(20.20269) + (0.1 1838 + 0.94701) 

- (0.07892 + 0.63 1 33)] x 10“ 3 kg • m 2 
= (20.20269 + 1 .06539 - 0.71025) x 10“ 3 kg • m 2 


= 20.55783xl0 -3 kg • m 


or 


7 V =20.6x10 3 kg - m 2 ◄ 


I Z = (I Z \ + (I Z ) 2 -(I Z ) 3 

= 1^(6.31334 kg)[3(0.08) 2 + (0.04) 2 ] m 2 + (6.31334 kg)(0.02 m) 2 | 

+ j^-(0.59188 kg)[3(0.02) 2 +(0.06) 2 ] m 2 +(0.59188 kg)[(0.04) 2 + (0.03) 2 ] m 2 | 

(0.39458 kg)[3(0.02) 2 + (0.04) 2 ] m 2 +(0.03958 kg)[(0.04) 2 +(0.02) 2 ] m 2 | 

= [(10.94312 + 2.52534) + (0.23675 + 1 .47970) 

- (0.09207 + 0.789 1 6)] xlO' 3 kg • m 2 
= (13.46846 + 1 .7 1645 - 0.88 123) x 10' 3 kg • m 2 
= 14.30368 xlO“ 3 kg -m 2 

or I z = 14.30xl0 -3 kg • m 2 ◄ 
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PROBLEM 9.142 

Determine the mass moments of inertia and the radii of 
gyration of the steel machine element shown with respect 
to the x and y axes. (The density of steel is 7850 kg/m 3 .) 


SOLUTION 



First compute the mass of each component. We have 

m — p ST V 


Then 


m 1 = (7850 kg/m 3 )(0.24x 0.04x0. 14) m 3 


= 10.5504 kg 
m 2 = m 2 = (7850 kg/m 3 ) 


— (0.07) 2 xO.04 
2 


m 3 =2.41683 kg 


m 4 = m 5 = (7850 kg/m 3 )[;r(0.044) 2 x (0.04)] m 3 = 1 .90979 kg 

Using Figure 9.28 for components 1, 4, and 5 and the equations derived above (before the solution to 
Problem 9.144) for a semicylinder, we have 

^=(^) l +(^) 2 +(^) 3 +(^) 4-(^) 5 Where (^2 =(',)3 


-^(10.5504 kg)(0.04 2 +0.14 2 ) m 2 


+ 2^(2.41683 kg)[3(0.07 m) 2 +(0.04 m) 2 ] 


+ |^(1.90979 kg)[3(0.044 m) 2 + (0.04 m) 2 ] + (1.90979 kg)(0.04 m) : 

(1.90979 kg) [3(0.044 m) 2 +(0.04 m) 2 ] 

= [(0.0 1 86390) + 2(0.0032829) + (0.00 11790 + 0.0030557) - (0.00 1 1 790)] kg • m 2 
= 0.0282605 kg • m 2 

or / = 28.3xlO~ 3 kg-m 2 A 
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PROBLEM 9.142 (Continued) 


where 

Then 


Also 

Then 

and 


I y =(I y \+(I y ) 2 +(I y ) 3 +(I y ) 4 -(I y ) 5 

(/ v ) 2 =(/ y ) 3 (/,) 4 =l(/ y ) 5 l 


V = 


^-(10.5504 kg)(0.24 2 +0.14 2 ) m 2 


- 

( 1 16 , 

( 4x0.07 V , 

(2.41683 kg) 

„ (0.07 m 2 ) + (2.41683 kg) 

0 . 12 + m 2 


U 9 K 2 ) 

l 3 n J 


+2 


= [(0.0678742) + 2(0.003788 1 + 0.0541678)] kg • m“ 


= 0.1 837860 kg m 2 


or / = 183.8xlO~ j kg-m 2 ◄ 


m — m 1 + m 2 + + m 4 — m 5 where m 2 — m 3 , m A =1 m 5 1 

= (10.5504 + 2x2.41683) kg = 15.38406 kg 

2 _ lx _ 0-0282605 kg-m 2 
m 15.38406 kg 

or k x = 42.9 mm ^ 

2 _ 7 v _ 0-1837860 kg-m 2 
y _ m ~ 15.38406 kg 

or k v = 109.3 mm A 
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SOLUTION 

First compute the mass of each component. We have 

m = p ST V = ^-V 
g 

4-3 


Then 


490 lb/ft ... 3 f 1 ft 

m, = -x(2.7x3.7x9) in x 


32.2 ft/s' 

= 791.780xl0~ 3 lb • s 2 /ft 


12 in. 



490 lb/ft 


m, — 


2 32.2 ft/s 2 


— xl.35 2 XI.4I in 3 xf 1 
2 


12 in. 


= 35.295 xlO^ 3 lb s 2 /ft 


490 lb/ft , r2 , ^ . 3 ( 1 ft 
m 3 ~ — x(jx 0.6 xl.2) in x 


32.2 ft/s' 

= 11.952xl0^ 3 lb • s 2 /ft 


12 in. 


m A = 


490 lb/ft 3 , no n . --.3 ( 1ft 
x (0.9 x 0.6x9) m^ x 


4 32.2 ft/s 2 


12 in. 


= 42.799 xlO~ 3 lb-s z /ft 


The mass moments of inertia are now computed using Figure 9.28 (components 1, 3, and 4) and the equations 
derived above (component 2 ). 
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To the instructor: 

The following formulas for the mass moment of inertia of wires are derived or summarized at this time for use 
in the solutions of Problems 9.146 through 9.148. 

Slender Rod 

I x =0 Ty = L - mL 2 (Figure 9.28) 

I v - I - — ml} (Sample Problem 9.9) 

Circle 



We have 
Now 

And symmetry implies 



Semicircle 

Following the above arguments for a circle. We have 



/ = ma 2 


Using the parallel-axis theorem 


1 z = I z' + mx2 




or 


L; = m 


n 

v2 



2 


a 
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PROBLEM 9.146 

Aluminum wire with a weight per unit length of 0.033 lb/ft is used 
to form the circle and the straight members of the figure shown. 
Determine the mass moment of inertia of the assembly with respect 
to each of the coordinate axes. 
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y 

PROBLEM 9.147 

18 in. 





The figure shown is formed of j -in. -diameter steel wire. Knowing that the 

c 



specific weight of the steel is 490 lb/ft 3 , determine the mass moment of inertia 

x 



/ of the wire with respect to each of the coordinate axes. 

fl 




18 in. 


\ J 

y 



z 


X 
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PROBLEM 9.148 

A homogeneous wire with a mass per unit length of 0.056 kg/m is 
used to form the figure shown. Determine the mass moment of inertia 
of the wire with respect to each of the coordinate axes. 


SOLUTION 

First compute the mass m of each component. We have 

m = ( mlL)L 
= 0.056 kg/m x 1.2 m 
= 0.0672 kg 

Using the equations given above and the parallel-axis theorem, we have 

4 = (4)l + (44 + (44 + (4)4 + (4)5 + (4)6 
Now (4 X = (44 =(44 =(44 and (4) 2 = (4)5 


Hi 



Then 


7=4 


j(0.0672kg)(1.2 m) 2 


+ 2[0 + (0.0672 kg)(l .2 m) 2 ] 


= [4(0.03226) + 2(0.09677)] kg • m 2 
= 0.32258 kg • m 2 


or I x =0.323 kg- m 2 4 


Now 


Then 


Symmetry implies 


^ = ( l y ) i +dy) 2 + ( 7 , ) 3 + (/ y ) 4 + (/, ) 5 4 - (4 ) fi 
(4)i=0, (Iy) 2 =(Iy) 6 , and (4) 4 =(4)5 


4 = 2 


^(0.0672 kg)(l. 2 m) 2 


+ [0 + (0.0672 kg)(l .2 m) 2 ] 


+ 2 


^-(0.0672 kg)(1.2 m) 2 + (0.0672 kg)(1.2 2 +0.6 2 ) m 2 


= [2(0.03226) + (0.09677) + 2(0.00806 + 0. 12096)] kg • m 2 
= [2(0.03226) + (0.09677) + 2(0. 12902)] kg • m 2 


= 0.41933 kg -m 2 


or 7 V = 0.419 kg • m 2 4 


4=4 


4 =0.419 kg m 2 ◄ 
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SOLUTION 

First compute the mass of each component. We have 

m = pV 

Then w, =7850 kg/m 3 x (0.08x0.05x0. 16) m 3 =5.02400 kg 

m 2 = 7850 kg/m 3 x (0.08 x 0.038 x 0.07) m 3 = 1 .67048 kg 

n h = 7850 kg/m 3 xf^x0.024 2 xOiwj m 3 =0.28410 kg 



Now observe that the centroidal products of inertia, I x y, I y y, and 7„y, of each component are zero because of 
symmetry. Now 

0.038' 




3V 


= 0.05 ■ 


0.05- 


2 

4x0.024 


3 n 


m = 0.031 m 

m = 0.039814 m 


and then 



m, kg 

x, m 

y, m 

z, m 

mxy, kg • m“ 

my z, kg • m’ 

mzx, kg • m’ 

1 

5.02400 

0.04 

0.025 

0.08 

5. 0240x1 0' 3 

10.0480X10" 3 

16.0768xl0~ 3 

2 

1.67048 

0.04 

0.031 

0.085 

2.0714xl0^ 3 

4.4017 xl0~ 3 

5.6796 xl0~ 3 

3 

0.28410 

0.04 

0.039814 

0.14 

0.4524 xl0~ 3 

1.5836X10' 3 

1.5910xl0^ 3 


Finally, 

=(^)i- (^) 2 - (^) 3 =[(0 + 5.0240) -(0 + 2.0714) -(0 + 0.4524)] xl0~ 3 
= 2.5002 xlO' 3 kg -m 2 or I xy = 2.50xl0' 3 kg • m 2 ◄ 
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SOLUTION 

Since the machine element is symmetrical with respect to the xy plane, I yz = 1^ = 0 
AlSO, I xy = 0 

for all components except the cylinder, since these are symmetrical with respect to the xz plane. 




60 y*'* 






O 


• O-h*'*) 

IIP** 


◄ 


For the cylinder 

m = pV = (7850 kg/m 3 );r(0.022 m) 2 (0.02 m) = 0.2387 kg 
4 = T x y + nixy = 0+ (0.2387 kg)(0.06 m)(0.02 m) = +286.4 x 10^ 6 kg • m 2 

/„ =286xl0‘ 6 kg-m 2 ◄ 
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PROBLEM 9.151 (Continued) 


and then 



m, lb • s 2 /ft 

x, ft 

y, ft 

z, ft 

mx y, lb - ft • s 2 

my z , lb • ft • s 2 

mz. x, lb • ft • s 2 

1 

72.5590 xl0~ 3 

2.95 

12 

0.9 

12 

1.1 

~12 

-1.33781X10” 3 

0.49884xl0‘ 3 

-1.63510xl0~ 3 

2 

10.6248 xl0“ 3 

6.36685 

0.9 

1.1 

-0.42279x1 0‘ 3 

0.07305 xl0“ 3 

-0.51674xl0“ 3 

12 

12 

72 

3 

5.7391xl0~ 3 

0.7 

12 

1.25 

12 

1.3 

12 

- 0.03487 xl0~ 3 

0.06476 xl0~ 3 

- 0.03627 xl0‘ 3 


Finally, I xy = (I xy \ + (I xy ) 2 - (I xy ) 3 

= [(0 - 1.3378 1) + (0 - 0.42279) - (0 - 0.03487)] x 10~ 3 

or /„ = -1.726X 10“ 3 lb - ft - s 2 ◄ 

Ay 

lyz ~ Uyz )l + dyz ) 2 ~ (f yz )3 

= [(0 + 0.49884) + (0 + 0.07305) - (0 + 0.06476)] x 10“ 3 

or I yz = 0.507 x 10“ 3 lb - ft - s 2 ◄ 

I VC - (^Z*)l + (^ZX^2 - 

= [(0 - 1.635 10) + (0 - 0.5 1674) - (0 - 0.3627)] x 10“ 3 

or / w =-2.12xl0 _3 lb ft-s 2 ◄ 
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PROBLEM 9.153 

A section of sheet steel 2 mm thick is cut and bent into the 
machine component shown. Knowing that the density of steel 
is 7850 kg/m , determine the mass products of inertia I xy , I yz , 
and Ly of the component. 


SOLUTION 



First compute the mass of each component. 

m ~ PsA ~ PspA 


We have 
Then 


m 1 = (7850 kg/m 3 )[(0.002)(0.4)(0.45)]m 3 
= 2.8260 kg 


m 2 =7850 kg/m 3 
= 0.63585 kg 


(0.002)] ix 0.45x0. 18 


nr 


Now observe that 


(Ixy\ = (IyV) i = (J z'x')\ = 0 

(7 vv) 2 = Ch’x) 2 = o 

From Sample Problem 9.6: ( ^4/ ) 2 , area = -—^ 2^2 


Then 


Also 


(Ix’y’h - PsTf(^y') 2 ,area ~ Psp\ _ _ , m 2^2^2 


72 


1 


Xi = yi = z 2 = 0 x 2 = -0.225 + 


0.45 


36 

m = - 0.075 m 
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PROBLEM 9.154 

A section of sheet steel 2 mm thick is cut and bent into the 
machine component shown. Knowing that the density of steel is 
7850 kg/m 3 , determine the mass products of inertia f xy , I yz , and I 7X 
of the component. 


SOLUTION 



m, = pV = 7850 kg/m 3 (0. 120 m)(0.200 m)(0.002 m) = 0.3768 kg 
m 2 = pV = 7850 kg/m 3 (0. 120 m)(0. 100 m)(0.002 m) = 0. 1 884 kg 
For each panel the centroidal product of inertia is zero with respect to each pair of coordinate axes. 



m, kg 

x, m 

y, m 

Z, m 

mxy 

my z 

mzx 

CD 

0.3768 

0.1 

-0.06 

0.1 

-2.26 lxl0“ 3 

-2.26 lxlO -3 

+3.768 xl0~ 3 

© 

0.1884 

0.2 

-0.06 

0.05 

-2.26 lxlO -3 

-0.565 xlO" 3 

+1.884xl0~ 3 

I 





-4.522 xl0“ 3 

-2.826xl0“ 3 

+5.652 xlO -3 


I v = -4.52xl0~ 3 kg-m 2 ◄ 
I yz = -2.83xl0' 3 kg-m 2 ◄ 
I. x = +5.65 xl0~ 3 kg • m 2 ◄ 
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SOLUTION 

First compute the mass of each component. We have 

m ~ PsA ~ PsjtA 

Then m, = (7850 kg/m 3 )(0.002 m)(0.35x0.39) m 2 



= 2.14305 kg 

m 2 = (7850 kg/m 3 )(0.002 m) 
= 0.93775 kg 


xO.195 2 | m 2 
v 2 


m 3 = (7850 kg/m 3 )(0.002m)^x 0.39x0. 15 | m 2 
= 0.45923 kg 


Now observe that because of symmetry the centroidal products of inertia of components 1 and 2 are zero and 

(^y)3=(4') 3 =0 

(^yY^mass PsT^(I y'z' )3,area 

Using the results of Sample Problem 9.6 and noting that the orientation of the axes corresponds to 
a 90° rotation, we have 



(ly'zh, area - ^ ^3 ^3 

Then 

( \ 2 1 

(I y'z’h ~ P'. SX f by 2 ^3 = — ^3^^ 

Also 

Vl = x 2 = 0 


_ 4x0.195 

v, = m = 0.082761 m 

3 n 
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V 

PROBLEM 9.156 


s' 

A section of sheet steel 2 mm thick is cut and bent into the machine 

L 


_ component shown. Knowing that the density of steel is 7850 kg/m 3 . 



— 225 mm determine the mass products of inertia I xy , I yz , and I. x of the component. 

2 


X 


SOLUTION 

First compute the mass of each component. We have 

m ~ Ps N = PsjtA 

Then 

n\ -m 3 — (7850 kg/m 3 )(0. 002 m) — xO. 225x0.1 

v2 

m 2 = (7850 kg/m 3 )(0. 002 m) ^x0.225 2 jm 2 =0.62424 kg 

m 4 = (7850 kg/m 3 )(0.002 m)f-^-x0.135 2 j m 2 =0.22473kg 
Now observe that the following centroidal products of inertia are zero because of symmetry. 



(^y)i=(^v)i=° 

(^y)3=(4') 3 =0 

Also y x - y 2 - 0 

Now I - 1.(1 x y + nix y) 

so that 

Using the results of Sample Problem 9.6, we have 

/ = —b 2 h 2 

1 uv, area 24 


(4y)2 = (',y)2=° 
(T x y) 4 =(T, x ,) = 0 


x 3 - x 4 = 0 


Now 




PsT^ I uv area 

= />st^V 

= — mZ?/t 
12 


/ xv =0 ◄ 



Thus, 


(^)i = 
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PROBLEM 9.156 (Continued) 


While 


Vyzh = ~T^ m 3 b 3 l h 


yz ' D 12 

because of a 90° rotation of the coordinate axes. 

To determine I m for a quarter circle, we have 

0 


Where 


dI uv = d k f v' + U EL V EE dm 


1 1 r^~ 

= —v = —\la -i 


U EL = u V, 


Then 


2 2 

dm = p sr t dA = p ST tv du = p ST t\Ja 2 - u 2 du 

hv - \ db uv - J 0 (“) — Va 2 -M" j(/?sT f V « 2 -U 2 du) 

1 f a , 2 

_ -^Pst*] lda 



- 2 Pst: 1 


~ 2 -u 2 )du 


1 2 2 1 4 

—au — u 


1 4 1 4 

= —p ST ta = ma 

8 2n 


Thus 


(I 7X ) 2 = — —m 2 a\ 

** 2 2 n 


because of a 90° rotation of the coordinate axes. Also 

( 7,„) 4 = —m 4 a 2 


yz' 4 2jT 4 M 4 


Finally, 




0 


C = £ ( 7 K ) = [(/y z ' ) + m \ y\ h \ + [(l4 z ') + m 2 y 2 z 2 ] + (/ ) 3 + (7 y , ) 4 


^v) 


0 


(0.23844 kg)(0.225 m)(0.135 m) 
= (- 0.60355 + 0.651 85) x 10^ 3 kg • m 2 


+ 


£y) 


0 


— (0.22473 kg)(0. 135 m)“ 
2 n 


or l yz = 48.3 xlO -6 kg • m 2 ◄ 

0 


7 « = S ( 7 CT ) = ( 7 CT )l + ( 7 ,.v) 2 +[(lP x 'h+in i Z 3 X 3 ]+[(j{y) 4 +m 4 Z 4 X 4 ] 


— (0.23844 kg)(0.225 m)(0.135 m) 
: (0.60355 - 5.02964) x 10' 3 kg • m 2 


+ 


(0.62424 kg)(0.225 m) 2 
2k 


or / =-4.43x10 3 kg- m 2 4 
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PROBLEM 9.157 (Continued) 


Now observe that the centroidal products of inertia, I x > ,, / y, and I z y, of each component are zero because 
of symmetry. 



m, kg 

x, m 

y, m 

z, m 

mx y, kg • m“ 

my z , kg • m“ 

mz x, kg • m 

1 

1. 23700 xl0“ 3 

0.18 

0.125 

0 

27.8325x10^ 

0 

0 

2 

0. 89064 xl0~ 3 

0.09 

0.25 

0 

20.0394 xl0~ 6 

0 

0 

3 

1. 48440 xl0“ 3 

0 

0.25 

0.15 

0 

55.6650 xlO -6 

0 

4 

1. 23700 xl0“ 3 

0 

0.125 

0.3 

0 

46.3875 xlO -6 

0 

5 

0. 89064 xl0~ 3 

0.09 

0 

0.3 

0 

0 

24.0473 xlO -6 

6 

1.48440x1 0' 3 

0.18 

0 

0.15 

0 

0 

40.0788 xlO -6 

Z 





47.87 19 xl0~ 6 

102.0525 xl0~ 6 

64.1261X10' 6 


Then 


h y =Z(j/^+mxy) 

1 yz =Z(jS*+myz) 

C =Z(J/*+mzx) 


or =47.9xl0~ 6 kg-m 2 ◄ 
or I yz =102.1xl(T 6 kg-m 2 ◄ 
or L x = 64. 1 x 1CT 6 kg • m 2 A 
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y 

PROBLEM 9.158 

/’* S== ^ 



Thin aluminum wire of uniform diameter is used to form the figure shown. 


Denoting by m the mass per unit length of the wire, determine the mass 

f- 

products of inertia l xy , I yz , and I 7X of the wire figure. 

(( l 

z 



SOLUTION 



Now observe that because of symmetry the centroidal products of inertia, I x y, f x y, and 7_y , of components 
2 and 4 are zero and 


(I, y)i=(J*y)i= 0 (I*yh=(Iyyh=0 
<Jrth=<J&h = 0 

Also 3^=Xj=0 J 2 - ^3 - ^4 = 0 Z 4 — Z 5 — 0 

Using the parallel-axis theorem [Equations (9.47)], it follows that 7 XV = / = 1 7i for components 2 and 4 
To determine I uv for one quarter of a circular arc, we have dl uv = nw/m 
where u — a cos v = a sin 9 

and dm - pdV - p\A(ad9 )] 

where A is the cross-sectional area of the wire. Now 


so that 
and 


' TC ^ 

.(k \ 

— a 

= pA\ —a 

v 2 ) 

U J 


dm — mad 6 

dl uv = (a cos 6)(a sin 9)(m' ad 6) 
= m'a 3 sin 9 cos 9d9 
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PROBLEM 9.159 (Continued) 


Then 


I xy = ^(Hy + mx y ) 

! yz = s C^y f + myz) 


/„ = 




o 


+ 7MZX) 


or / =— a 3 (l-5;r) 4 

g 

W 3 . 

or 7 V =-ll;r — a A 
8 

or I =4— a 3 (l + ln) A 

g 
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SOLUTION 


First compute the mass of each component. We have 

W 1 r 
m — — = — wL 

g g 


Then 


W( 3^3 w 

nu = — 7ix—a \ — —K — a 

8 l 2 J 2 g 

m 2 = —(3a) = 3 —a 
g g 

w . . w 

m 3 = — ( JVAa)-n — a 



g g 

Now observe that the centroidal products of inertia, I r y , / v y , and I z - x - , of each component are zero because of 
symmetry. 
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PROBLEM 9.161 

Complete the derivation of Eqs. (9.47), which express the parallel-axis theorem for mass products of inertia. 


SOLUTION 


We have 

I n = | xydm I yz = J yzdm 1 7X = j" zxdm (9.45) 

and 

x-x' + x y-y'+y z-z' + z (9.31) 

Consider 

C = J xydm 

Substituting for x and for y 

C =^(x +x)(y +y) dm 


= J x'y'dm + y J x' dm + x J y' dm + x y J dm 

By definition 

Ly = J x'y'dm 

and J 

x'dm = mx 

1 

y'dm = mV' 

However, the origin of the primed coordinate system coincides with the mass center G, so that 


II 

'^L 

ii 

o 


1 xy = hy + mx y Q-E.d. ◄ 

The expressions for / y , and / , 

are obtained in a similar manner. 
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PROBLEM 9.162 (Continued) 


( b ) Because of the symmetry of the body, I and 7 V , can be deduced by considering the circular 

permutation of (x,y,z) and (a,b,c) . 

Thus, 




— mab A 
20 


J yz = 

Alternative solution for part a: 

First divide the tetrahedron into a series of thin horizontal slices of thickness dy as shown. 


— mbc M 
20 


Now 

and 

The mass dm of the slab is 


x= y + a-a 

b 


c , y 

z = — y + c-c\ 1- — 

b [by 


1-^ 

b 


Now 

where 


(1 ) 1 f 

dm = pdV = p —xzdy = — pac 

V 2 ) 2 

zx, area 

t = dy 


‘-fi* 



and dl zx arca = -^x 2 z 2 from the results of Sample Problem 9.6. 


Then 


' 

/ \ 2 " 


2 1 

1 

a( 1- — ] 


l 

( 

24 

L V b) J 

L V b)'_ 





J 


1 „ 2 2 1 , y ) , 1 m f y . 

24 { b) 4b { b ' 


Finally, 




1 m 

■ ac 

4 b 


± i-i 
5 A b 


or I = — 
^ 20 


mac 
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PROBLEM 9.162 (Continued) 


Alternative solution for part a: 

The equation of the included face of the tetrahedron is 


x y z , 

— + — + — = 1 


a b c 


so that 


/ 1 i * z 

y = b\ i 

a c 


For an infinitesimal element of sides dx,dy, and dz' 

dm = pdV = pdydxdz 

z 


From part a 
Now 


x — a\ 1- 


p C c C C b(l-x/a-zJc ) 

I zx = J zxdm = J J J zx(pdydxdz) 


O a(l-z/c) r , .-I 

0 zx[b(l-f-f)\dxdz 



or L r = — mac A 
** 20 
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SOLUTION 


First note that 


Then 


d OA = ,l\—a 


3 

2 j 


+ (-3a ) 2 + (3a) 2 = -a 


1 f 3 

A oa = — —ai~ 3aj + 3«k | = — (i - 2j + 2k) 
4a 12 


A -r- 

1 3 


For a rectangular coordinate system with origin at Point A and axes aligned with the given x, y, z axes, 
we have (using Figure 9.28) 


I, - L = —m 

x z 5 


—a" + (3a) 1 
4 


r 3 2 

l v = — ma 

y 10 


111 

~20 


-ma 


I xy I yz I zx ^ 


Also, symmetry implies 
With the mass products of inertia equal to zero, Equation (9.46) reduces to 


I 0 A=I X K+Iyiy+I Z K 


111 21 

rr 

f 3 2 f 

' 24 

ma 

— 


— 

20 

\3, 

) 10 l 

, 3 J 


111 2 

H ma 

20 


4 2^ 2 




193 

60 


-ma 


or I OA =3.22ma 2 A 
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z 


X 


PROBLEM 9.164 

The homogeneous circular cylinder shown has a mass m. Determine the mass 
moment of inertia of the cylinder with respect to the line joining the origin O 
and Point A that is located on the perimeter of the top surface of the cylinder. 


SOLUTION 

From Figure 9.28: 

and using the parallel-axis theorem 


= — ma 2 
y 2 


1 

12 


I x = I , = -^m(3a 2 +h 2 ) + m 


( }l \ 2 





iw I yz I zx ^ 


Symmetry implies 
For convenience, let Point A lie in the yz plane. Then 


\ OA 


! 


yjh 2 + a 2 


■(/rj + ak) 


With the mass products of inertia equal to zero, Equation (9.46) reduces to 

-0 


I 0 A=KK+IyK+IzK 

f , "\ 

It h 
= —ma , - 

^ y V h 2 + a 2 j 


-I m(3a +4 h 2 ) 

12 


xjh 2 +a 2 


, 1 7 10/z 2 +3o 2 . 

or l ni = — ma — — 


1 OA 


12 h 2 + a 2 


Note: For Point A located at an arbitrary point on the perimeter of the top surface, A oa is given by 


K OA 


! 


yjlr +a 2 


( a cos tj) i + hj + a sin 0 k) 


which results in the same expression for l OA . 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1645 






PROBLEM 9.165 

Shown is the machine element of Problem 9.141. Determine its 
mass moment of inertia with respect to the line joining the origin O 
and Point A. 


SOLUTION 



First compute the mass 

of each component. 

We have 

m = /7 st V = °' 284 lb/l ° V = (0.0088 19 lb • s 2 /ft • in 3 )V 
32.2 ft/s 2 

Then 

to, = (7850 kg/m 3 )[;r(0.08 m) 2 (0.04 m)] = 6.31334 kg 
to, = (7850 kg/m 3 )[;r(0.02 m) 2 (0.06 m)] = 0.59188 kg 
to 3 = (7850 kg/m 3 )[;r(0.02 m) 2 (0.04 m)] = 0.39458 kg 

Symmetry implies 

o 

ii 

'~h 

‘-'H 

O 

II 

8 

II 

and 

( A /) 2 = ( C /) 3 = 0 

Now 

7 xv = + = m 2 x 2 y 2 - TO 3 x 3 y 3 


= [0.59188 kg (0.04 m)(0.03 m)] -[0.39458 kg (-0.04 m)(-0.02 m)] 
= (0.7 1026 - 0.3 1566) x 10~ 3 kg • m 2 
= 0. 39460 x 10~ 3 kg m 2 
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PROBLEM 9.166 

Determine the mass moment of inertia of the steel fixture of 
Problems 9.145 and 9.149 with respect to the axis through the 
origin that forms equal angles with the x, y, and z axes. 


SOLUTION 

From the solutions to Problems 9.145 and 9.149, we have 


Problem 9.145: 

I x = 26.4325 xl(T 3 kg m 2 
I y = 3 1.1726 xKT 3 kg • m 2 
I, = 8.5773 xl(T 3 kg m 2 


Problem 9.149: 

/„ = 2.5002 xl O' 3 kg- m 2 
I yz = 4.0627 x 1(T 3 kg • m 2 
I 7X = 8.8062 xl0~ 3 kg m 2 


From the problem statement it follows that 

— ?i — A- 

y x y 


Now 

A 2 + Ay + A .? = 1 => 3^ = 1 


or 

A - A - A - 


Substituting into Eq. (9.46) 


I ni = 1 A, 2 + 1 A, 2 + 1 A, 2 - 21 A A -21 

OL x y y z z xy *x y y 

yzAA 2 L x A z Ax 

Noting that 

a, 2 =a 2 =a 2 =aa =Xl =XX =- 

x " y z x y y z z x ^ 


We have 

Iol =^[26.4325 + 31.1726 + 8.5773 



-2(2.5002 + 4.0627 + 8.8062)] x 10 

3 kg • m 2 


or 

I 0L =11.81xlO“ 3 kg m 2 ◄ 
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y 


PROBLEM 9.167 


The thin bent plate shown is of uniform density and weight W. Determine 
its mass moment of inertia with respect to the line joining the origin O and 
Point A. 
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PROBLEM 9.167 (Continued) 


Now observe that the centroidal products of inertia, I X > >,I > z >, and I zV , of both components are zero because 
of symmetry. Also, y, = 0 


Then 


- *° _ _ 1 W 

1 xy = E (/iy + mx y ) = rn 2 x 2 y 2 = 

^ § 

0 


yz 


- f 

l y'z 



,2) 

f a ^ 

if 


IUJ 


0 


1 ;x = 2(//y + m z X ) = mjZjXj + m 2 z 2 x 2 


1 W 2 

a" 

4 g 

1 W 2 

= a 

8 g 


}_W_fa ) 

2 gUJ 


„ , 1 WfaV , 3 W 

— H — (a) = a 

~ 2 g UJ 8 g 


Substituting into Equation (9.46) 


Noting that 


We have 


7 oa =/A 2 + /A+ 7 A 


-21 A A -21 A A -21 A A 

xy x y yz y z zx z x 


A =A = A =A A =A A =A A = 

* "y xy y z z x 


l 

3 


/ - _ 
0A 3 


1 W 2 W 2 5 W 2 

(X H Cl H Cl — 2 


2 g 


6 g 


1 W 2 Ilf 2 3 W 2 

Cl H Cl H (2 

4 g 8 g 8 g 


1 

3 


14 

T 



W 2 

— a 

g 


or 


j>_W 

18 


◄ 
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PROBLEM 9.168 

A piece of sheet steel of thickness t and specific weight y is cut and 
bent into the machine component shown. Determine the mass 
moment of inertia of the component with respect to the joining the 
origin O and Point A. 


SOLUTION 

First note that 


1 

s 


^ oa fr(i + 2j + k) 


Next compute the mass of each component. We have 

m = pV = —(tA) 
g 



Then 


m l = —t(2a x 2a) — A— a" 


y { n 2 I k yt 2 
m 2 =—t \ — xo = — —a 
g V2 ) 2 g 


Using Figure 9.28 for component 1 and the equations derived above (following the solution to Problem 9.134) 
for a semicircular plate for component 2, we have 


h=(h)i + d x )2 

-fa , 


f A yt 

A— a 


[(2a) 2 +(2a) 2 ] + 4— a 2 (a 2 +a 2 ) 
g 


+ 


= A— a 2 


K yt 2 2 n yt 2 U ~ \2 , / \2 -i 

a a H a L(2 a) +(a) J 

2 g ) 2 g \ 

— + 2 la 2 + ——a 2 {— + 5 | a 1 

3 J 2 g U 


= 18.91335 — a 4 
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PROBLEM 9.168 (Continued) 


/ v =(/ v ) i +(/ y ) 2 

f '\ 


1 

12 


4— a 2 


(2d) 1 + 4—a 2 (a 2 ) 
g 


+ 


n yt 2 

a 

2 g 


1 16 ) 2 n yt 2 

2 9 n 2 ) 2 g 


4 a 

3 n 


+ (a) 


yt if 1 , ^ 2 n yt if 1 16 16 


= 4— a ] - + 1 |a z +-^a z | --^V + ^V + 1 
g 


2 g ^2 9 n 9 k~ 


= 7.68953— a 4 
g 

I Z =(I Z ) 1 + (I Z ) 2 


1 

(a yt 2 

4—a 

](2n) 2 +4— a 2 (a 2 ) 

12 

l 8 , 

) g 


n yt ^ 2(1 l6 ) a 2 + xyt_ 0 2 

2 g° 


+ Uj a lr 9 x 


| +(2a) z 
3k . 


2 g v4 9/r 9tt 


.yt 2 f 1 ,^2 7t yt 2 T 1 16 16 . , 

— 4 — a | — + 1 | ci + a | —4 - + 4 |u 

g 

= 12.00922^ a 4 

g 


Now observe that the centroidal products of inertia, I x y , I y, and t,y , of both components are zero because 
of symmetry. Also v, = 0. 

, — . n yt 1 (4a\„ , 

! xy = Z(Xy + rnx y) = m 2 x 2 y 2 = ——a — (2 a) 


Then 


2 g {377 


= 1.33333— a 4 


0 


J yz = + n, y Z ) = + m 2 y 2 z 2 

-4 —a 2 (a)(a) + ——a 2 (2d)(d) 


2 g 


= 7.14159— a 4 


-S' 


0 


- = n 2, 


t 7X = Z(I z y + mzx ) = m 2 z 2 x 2 = ——a (a) 

2 g 

= 0.66661 —a 4 


4 a 

3 n 
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9 


PROBLEM 9.169 


Determine the mass moment of inertia of the machine component 
of Problems 9.136 and 9.155 with respect to the axis through the 
origin characterized by the unit vector /. = (-4i + 8j + k)/9. 
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PROBLEM 9.170 

For the wire figure of Problem 9.148, determine the mass moment 
of inertia of the figure with respect to the axis through the origin 
characterized by the unit vector X = (— 3i - 6j + 2k)/7. 


SOLUTION 


First compute the mass of each component. We have 


m 


I = 0.056 kg/m x 1.2 m 


m 
L 

0.0672 kg 


Now observe that the centroidal products of inertia, I x >>, 7 y, and I z - x - , for each 
component are zero because of symmetry. 

Also 



x, — x 6 — 0 


>’4 = >5 = >’6 = 0 Zl = ^2 = ^3 = 0 


Then 


7 =£' 

xy 


(/,y 


0 

+ rrixy) = m 2 x 2 y 2 + m 3 x 3 y 3 


= (0.0672 kg)(0.6 m)(l .2 m) + (0.0672 kg)(l .2 m)(0.6 m) 
= 0.096768 kg • m 2 

_ ■f 0 

I yz =^(fy z ' + myz) = 0 


! zx = ZViy + mz x) = m 4 z 4 x 4 + m 5 z 5 x 5 

= (0.0672 kg)(0.6 m)(l .2 m) + (0.0672 kg)(l .2 m)(0.6 m) 

= 0.096768 kg • nr 

From the solution to Problem 9.148, we have 

I x = 0.32258 kg • m 2 
I y = 1, = 0.41933 kg • m 2 
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PROBLEM 9.172 

For the wire figure of Problem 9.146, determine the mass moment 
of inertia of the figure with respect to the axis through the origin 
characterized by the unit vector A = (— 3i — 6j + 2k)/7. 


SOLUTION 

First compute the mass of each component. We have 

W 1 

m = - = -(W/L) AL L 
8 g 


Then 


1 32.2 ft/s 2 


(0.03 3 lb/ft )(2;r x 1 6 in. ) x 


lft 
12 in. 


= 8.5857 xl0~ 3 lb • s 2 /ft 



1 


32.2 ft/s 2 
= 0.6832 xl0~ 3 lb • ft/s 2 


(0.033 lb/ft )(8 in.)x 


lft 
12 in. 


Now observe that the centroidal products of inertia, I x > >, I > z >, and I z y , of each component are zero because 
of symmetry. Also 


Then 


x, =x 4 = x ? = 0 y, = 0 z 1 = z 2 - z 3 - 0 
-<° 

I xy = n&y' + mx - y ) = n hx 2 y 2 + m 3 x 3 y 3 


= 0.6832 xlO^ 3 lb s 2 /ft 


16 


12 


ft 


12 


■ft 


+ 0.6832 xlO^ 3 lb - s 2 /ft 


12 


— ft 
12 


= (0.30364 + 0.45547) x 10“ 3 lb • ft • s 2 
= 0.7591 lx 10“ 3 lb - ft • s 2 


Symmetry implies 


lyz I xy 


= 0.7591 lxlO' 3 lb- ft -s 2 


1 7X - £(/Ty + mz x ) = 0 
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PROBLEM 9.173 

For the homogeneous circular cylinder shown, of radius a and length L, 
determine the value of the ratio a/L for which the ellipsoid of inertia of 
the cylinder is a sphere when computed (a) at the centroid of the 
cylinder, (b) at Point A. 


SOLUTION 

(a) From Figure 9.28: 


7 1 2 

/, = —ma 
x 2 

T=T=—m(3a 2 +L 2 ) 
y z 12 



Aw I yz 1 ZX ^ 


Now observe that symmetry implies 
Using Eq. (9.48), the equation of the ellipsoid of inertia is then 


I x 2 + ly 2 + I,z 2 = 1: -ma 2 * 2 + — m(3a 2 + L 2 )y 2 + —m(3a 2 + L 2 ) = 1 
* z 2 12 12 

For the ellipsoid to be a sphere, the coefficients must be equal. Therefore 

—ma 2 = —m(3a 2 + L 2 ) 

2 12 

( b ) Using Figure 9.28 and the parallel-axis theorem, we have 

i 1 2 

l • — — ma 
x 2 

I > = /_' = — m(3a 2 + Is) + m 
yz \2 


(E 

2 


f 1 2 7 r2 ) 

A) 


= m 

U 48 J 


Now observe that symmetry implies 


AiV AvV i zx ^ 


From Part a it then immediately follows that 

1 9 (1 


— ma = m 
2 


*-2 2 T 2 
— U H /w 

4 48 




or — 




or — = 
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PROBLEM 9.174 

For the rectangular prism shown, determine the values of the 
ratios b/a and da so that the ellipsoid of inertia of the prism is 
a sphere when computed (a) at Point A, (b) at Point B. 


SOLUTION 

(a) Using Figure 9.28 and the parallel-axis theorem, we have 
at Point A 

I j = — m(b 2 +c 2 ) 

* 12 

I - =—m(a 2 +c 2 ) + m\ 
y 12 1 

= — m(4a 2 +c 2 ) 

12 


1 


1 — m(a +b) + m 
z 12 


f s 2 
' a 



- — m(4a~ +b ) 
2 1 12 


Now observe that symmetry implies 

hy 

Using Eq. (9.48), the equation of the ellipsoid of inertia is then 


I xy 1 yz I z'x ^ 


I-x 2 +/ v y 2 + 1 /Z 2 =1: — m(b 2 +c 2 )x 2 +— m(4a 2 + c 2 )y 2 +— m(4a 2 +b 2 )z 2 =1 
x 1 12 12 '12 

For the ellipsoid to be a sphere, the coefficients must be equal. Therefore 

— m(b 2 + c”) = — m(4a 2 + c 2 ) 

12 12 

= — m(4a~ +b 2 ) 

12 


Then 


and 


b 2 +c 2 -4a 2 +c 2 


b “ +c 2 = 4a 2 +b 1 


or — - 
a 

c 

or — - 


■ 2 ◄ 
■ 2 ◄ 
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PROBLEM 9.175 

y 




For the right circular cone of Sample Problem 9.11, determine the value 



of the ratio a/h for which the ellipsoid of inertia of the cone is a sphere 

z 

h -i 

when computed (a) at the apex of the cone, (b) at the center of the base of 
the cone. 


SOLUTION 

(a) From Sample Problem 9. 1 1 , we have at the apex A 

I = — ma 2 
x 10 

3 ( 

l y =1= -m 

y z 5 V 


-a 2 +h 2 

4 


I xy I yz I zx ^ 


Now observe that symmetry implies 
Using Eq. (9.48), the equation of the ellipsoid of inertia is then 





I x 2 + 1 y 2 + I.z = 1 : —mci 2 x 2 +—m 

y z 10 5 


- a 2 +h 2 
4 


V 2 +—m[— a 2 + h 2 \z 2 - 1 
• 5 U 1 


For the ellipsoid to be a sphere, the coefficients must be equal. Therefore, 

3 , .3 fl 


— ma =—m 
10 5 


— a 2 +/? 2 


( b ) From Sample Problem 9. 1 1, we have 


, 3 2 

1 ■ = — ma 

x 10 


and at the centroid C 


, 3 ' 

= 20 m 


2 . 1,2 

a H — n 


V 


or 


■ 2 ◄ 


3 f 

!. = !.=— m 
y z 20 


v 


Then 

Now observe that symmetry implies 
From Part a it then immediately follows that 


a" H — h 2 I + m 


— \ — — m(3a~ +21i 2 ) 
4 ) 20 


I xy' I y'z I zx r ^ 


3 9 1 9 9 

— ma = — m(3a +2 h ) 
10 20 


or 
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PROBLEM 9.176 

Given an arbitrary body and three rectangular axes x, y, and z, prove that the mass moment of inertia of the 
body with respect to any one of the three axes cannot be larger than the sum of the mass moments of inertia of 
the body with respect to the other two axes. That is, prove that the inequality I x < I + 7, and the two similar 
inequalities are satisfied. Further, prove that l v >\l x if the body is a homogeneous solid of revolution, where 
x is the axis of revolution and y is a transverse axis. 


SOLUTION 




(i) 

To prove 

+ 

IV 

5 -! 




By definition 

I y = J (z 2 +x 2 )dm 
L = J(x 2 + y 2 )dm 




Then 

I y + 1 z — J (z 2 + x 1 )dm + J (x 2 + y 2 )dm 





= J(y 2 + z 2 )dm + 2j" x 1 dm 




Now 

J(y 2 + z 2 )dm = 1 x and J x 2 dm > 0 

1 y + 1 7 ~ 1 x 

Q.E.D. 

(ii) 

The proofs of the other two inequalities follow similar steps. 
If the x axis is the axis of revolution, then 









and from part (i) 

iy + i, ^ l x 




or 

Vy ^ I X 




or 


iy >~l X 

y 2 * 

Q.E.D. 
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PROBLEM 9.177 

Consider a cube of mass m and side a. (a) Show that the ellipsoid of inertia at the center of the cube is a 
sphere, and use this property to determine the moment of inertia of the cube with respect to one of its 
diagonals, (b) Show that the ellipsoid of inertia at one of the corners of the cube is an ellipsoid of revolution, 
and determine the principal moments of inertia of the cube at that point. 


SOLUTION 

(a) At the center of the cube have (using Figure 9.28) 


(b) 


I = / - I - — m(a 9 +a 2 ) = — ma 2 
* * z 12 6 


Now observe that symmetry implies 
Using Equation (9.48), the equation of the ellipsoid of inertia is 


I xy I yz 1 zx ^ 



f 1 ^ 

2 , 

( 1 'N 

1 2 

2 , 

f 1 2^ 

— ma 

U ) 

X + 

—ma 

U ) 

y + 

—ma 

U J 


or 


z , z , z 

x +y +z =■ 


(=* 2 ) ◄ 


which is the equation of a sphere. 

Since the ellipsoid of inertia is a sphere, the moment of inertia with respect to any axis OL through the 
center O of the cube must always 


be the same 


R = 


1 




I 1 2 

1 ol =~ma 
6 


The above sketch of the cube is the view seen if the line of sight is along the diagonal that passes 
through corner A. For a rectangular coordinate system at A and with one of the coordinate axes aligned 
with the diagonal, an ellipsoid of inertia at A could be constructed. If the cube is then rotated 120° 
about the diagonal, the mass distribution will remain unchanged. Thus, the ellipsoid will also remain 
unchanged after it is rotated. As noted at the end of Section 9.17, this is possible only if the ellipsoid is 
an ellipsoid of revolution, where the diagonal is both the axis of revolution and a principal axis. 


It then follows that 


11 1 2 

C = l OL = T ma 
6 


In addition, for an ellipsoid of revolution, the two transverse principal moments of inertia are equal and 
any axis perpendicular to the axis of revolution is a principal axis. Then, applying the parallel-axis 
theorem between the center of the cube and corner A for any perpendicular axis 


7 / — I - — — ma 2 + m 

y z 6 


V3 


V 


, , 11 2 

or 1, -1- - — ma 

y z 12 


{Note: Part b can also be solved using the method of Section 9.18.) 
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PROBLEM 9.178 

Given a homogeneous body of mass m and of arbitrary shape and three rectangular axes x, y, and z with origin 
at O, prove that the sum I x + I y + I z of the mass moments of inertia of the body cannot be smaller than the 
similar sum computed for a sphere of the same mass and the same material centered at O. Further, using the 
result of Problem 9.176, prove that if the body is a solid of revolution, where x is the axis of revolution, its 
mass moment of inertia I y about a transverse axis y cannot be smaller than 3ma 2 /\ 0, where a is the radius of 
the sphere of the same mass and the same material. 
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PROBLEM 9.178 (Continued) 


(ii) First note from Figure 9.28 that for a sphere 



Thus 


Vx + 7 v + ^sphere = ~ma~ 


For a solid of revolution, where the x axis is the axis of revolution, we have 


fy=f Z 


Then, using the results of part (i) 


(^+2/ y ) body >-ma 2 


From Problem 9. 178 we have 


I v >-I x 

y 2 * 


or 


(2l y l x ) b()dy ^ 0 


Adding the last two inequalities yields 


( 4/ y)body - ~ ma 


or 


(/ v ) 


y /body 


> — ma 

10 


Q.E.D. 
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PROBLEM 9.179* 

The homogeneous circular cylinder shown has a mass m, and 
the diameter OB of its top surface forms 45° angles with the 
x and z axes, (a) Determine the principal mass moments of 
inertia of the cylinder at the origin O. (b) Compute the angles 
that the principal axes of inertia at O form with the coordinate 
axes, (c) Sketch the cylinder, and show the orientation of the 
principal axes of inertia relative to the x, y, and z axes. 


SOLUTION 


(a) First compute the moments of inertia using Figure 9.28 and the 
parallel-axis theorem. 


f „ \ 


V^2 j 


< 


13 2 

= — ma 
12 


I r — L = —m(3a 2 +a 2 ) + m 
x z 12 

1 2 2^2 

/.. =—ma +m(a) = — ma 
y 2 2 

Next observe that the centroidal products of inertia are zero because of symmetry. Then 

0 



h y = Ay ' + mx y = m 


1 y z =^+myz=m 

0 


a a 

V 2 JC 2 


1 


2V2 

1 


ma 


V2 J 2V2 


ma 


J 7 X =/<V + mzx=m 

Substituting into Equation (9.56) 




V2JIV2J 2 mal 


K 3 - 


'13 3 133 

H h 


2 jy 2 

ma K 


+ 


12 2 12 j 

13 3^| (3 13^1 r 13 13 n ' 


X— + — X + X - 

12 2) \2 12 J U2 12 


2V2 J { 2V2 J 


1 Y a 


(ma 2 ) 2 K 


13 3 13 ) f 13 
— x— x — 

12 2 12 


12 


' 1 ^ 


2V2 


-Y- 
2 Jl 2 


13 

12 


1 


2V2 


r 


- 2 


1 Y 1 Y 1 


2y[2 Y 2V2JU 


(ma 2 ) 3 —0 
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PROBLEM 9.179* (Continued) 


Simplifying and letting K = ma 2 £ yields 


Solving yields 


/" 3 _ 11 /" 2 + ^5 - _ 95^ _ o 
6 3 ’ 144 ^ 96 ~~ 


19 

£=0.363383 £= — £ = 1.71995 


12 


The principal moments of inertia are then 


ATj = 0.363ma 2 ◄ 
AT = 1.583ma 2 ◄ 


AT 3 = 1.720ma 2 ◄ 

( b ) To determine the direction cosines A x , A , A of each principal axis, we use two of the equations of 


Equations (9.54) and (9.57). 


Thus, 


(I x -K)A x -I xy A y -I zx A z =0 

(9.54a) 

-I zx A x -I yz A y +(I z -K)A z = 0 

(9.54c) 

Al+A]+Al= 1 

(9.57) 

{Note: Since 7 VV =I yz , Equations (9.54a) and (9.54c) were 

chosen to simplify the “elimination” of A y 


during the solution process.) 

Substituting for the moments and products of inertia in Equations (9.54a) and (9.54c) 

'13 2 


12 


1 2 

— ma 

2 


JL 




f 

1 

\ 

2 - 

- ( —ma 2 1 

J x 


V 

2 J 2 ' 


y 

U J 

f 

1 

3 

2 

ma 

A + 

f- 

ma 2 - K 

V 

2V2 

J 

y 

U2 

J 


or 


and 


— -Aa x +-^a--a=o 

12 b J x 2^2 y 2 z 


1, 1 3 (13 

— 2 r H + 

2 2V2 y 


--C A =0 
12 1 z 


Observe that these equations will be identical, so that one will need to be replaced, if 


13 

12 ^ ~ 2 


or 


12 


(i) 

(ii) 
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PROBLEM 9.179* (Continued) 


Thus, a third independent equation will be needed when the direction cosines associated with K, are 
determined. Then for K l and K 3 


Eq. (i) through Eq. (ii): 


13 


A y. A 

12 ^ 7 


1 


Xy. + 


2 1 12 ^ 


A=o 


or 


4=4 


Substituting into Eq. (i): 


1 

2V2 ' 




or 


Xy = 2V2 


C~ — 
12 




Substituting into Equation (9.57): 


4 + 


2V2 


f 7 ^ 


C- 


v 12 J 
r 


A 


+ (4) 2 = i 


or 


2 + 1 


c~— 

12 


A: = 1 


(ill) 


Kp Substituting the value of into Eq. (iii): 



f 7 > 

2 

2 + 8 

0.363383 



l 12 J 



a,)?=i 


or 


(4), =U Z ), = 0.64-7 249 


and then 


a v X = 2^2 [ 0.363383 (0.647249) 

12 , 


= -0.402662 


K 3 : Substituting the value of into Eq. (iii): 


(e x \ = {e z \=49.i° (e y \=\n.T ◄ 



f 7 V 

2 + 8 



l 12 J _ 


( 4) 2 =1 


or 


(4)3 = (A ) 3 =0-284726 


and then 


(4 ) 3 = 2 v /2 


1.71995 |(0.284726) 


= 0.915348 


(4) 3 =(4)3=73.5° ( 4)3 = 23.7° ◄ 
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PROBLEM 9.179* (Continued) 


K 2 : For this case, the set of equations to be solved consists of Equations (9.54a), (9.54b), and (9.57). 
Now 


-I xy A x +(I y -K)A y -I yz A z = 0 
Substituting for the moments and products of inertia. 


( 1 > 

1 2 

4+1 

"3 2 ' 

— ma - K 

I 4 - 

( 1 A 

1 2 

p/na 

{ 2 V2 ; 


4 

J y 1 

l 2 y {2 J 


4=0 


or 


2 V 2 ' 


A x+ \^-^\A y+ -^=A z =0 


2 V 2 ' 


Substituting the value of 4 into Eqs. (i) and (iv): 


13 19 


12 12 


1 


1(4)2 +^a y ) 2 -^(4) 2 =o 


1 x . r 3 19 

7= (^r)? + 

2V2 r U 12 


+ 2j2^ 2 _ ° 


(9.54b) 


(iv) 


or 


and 


-u x ) 2 +^=a y ) 2 -a z ) 2 =o 

[2 

(4)2 —(4)2 + ( 4^2 = 0 
6 


(4) 2 =o 

( 4)2 = — (4)2 


Adding yields 
and then 

Substituting into Equation (9.57) 0 

(4 )2 + Qf)l + (-4 )i = ) 

1 


1 


or 


(4) 2 =^ and (4)2= Tv 





(6^)2 = 45.0° (0 y ) 2 = 90.0° (0 Z ) 2 = 135.0° ◄ 


(c) Principal axes 1 and 3 lie in the vertical plane of symmetry passing through Points O and B. Principal 
axis 2 lies in the xz, plane. 
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PROBLEM 9.180 

For the component described in Problem 9.165, determine (a) the 
principal mass moments of inertia at the origin, (b) the principal axes 
of inertia at the origin. Sketch the body and show the orientation of 
the principal axes of inertia relative to the x, y, and z axes. 


SOLUTION 

( a ) From the solutions to Problems 9.141 and 9.165 we have 

Problem 9.141: 

=13.98800xl0” 3 kgm 2 


I y = 20.55783 x 10~ 3 kg • m 2 


I, = 14.30368 xl0~ 3 kg -nr 

Problem 9.165: 

I yz I ZX 

= 0 


l xy = 0.39460X 10~ 3 kg • m 2 

Eq. (9.55) then becomes 



I x -K -I xy 0 

~l x y l y ~ K 0 

= 0 or (I x -K)(Iy-K)(I z -K)-(I z -K)I 2 xy = 0 

Thus 

l 

o 

o 

I Z ~K = 0 Ijy ~ d x + l y )K + K 2 - I l - 0 

Substituting: 

K { = 14.30368 x 10“ 3 kg • m 2 

or K x = 14.30 xlO -3 kg- m 2 ◄ 

and (13.98800xl(r 3 )(20.55783x 10" 3 ) - (13.98800 + 20.55783)(10“ 3 )/f + K 1 - (0.39460X 10“ 3 ) 2 = 0 

or 


K 2 -(34.54583xl0“ 3 )/f + 287.4072xl0' 6 =0 

Solving yields 

K 2 = 13.96438 xl0“ 3 kg m 2 

and 

or K 2 =13.96xl0“ 3 kg m 2 ◄ 
Ky = 20.58 145 x 10 3 kg • m 2 or K 3 = 20.6xl0 _3 kg • m 2 ◄ 
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PROBLEM 9.180 (Continued) 

( b ) To determine the direction cosines A x , A y , 4 of each principal axis, use two of the equations of 

Eq. (9.54) and Eq. (9.57). Then 

K\\ Begin with Eqs. (9.54a) and (9.54b) with I yz = I zx = 0. 

a x -K l )a x \-i xy a y \= o 

-I^U^+dy-KOUy)^ 0 

Substituting: 

[(13.98800 - 14.30368) x 10^1(4)! -(0.39460xl0 _3 )(^) 1 =0 
-(0.39460xl0“ 3 )(/l r ) 1 +[(20.55783-14.30368)xl0 _, ](/l y ) 1 =0 

Adding yields (A x ), = (A y ), = 0 

Then using Eq. (9.57) (X)i + + (A )r - 1 

or (A\ = l 

(0 X \ = 90.0° (0 y ), = 90.0° (0 z ), = 0° ◄ 

K 2 : Begin with Eqs. (9.54b) and (9.54c) with l yz =1^ = 0. 

-I xy (A x ) 2 +(I y -K 2 )(A y ) 2 = 0 (i) 

(I Z -K 2 )U Z ) 2 = o 

Now ^ K 2 ^> (A, ) 2 = 0 

Substituting into Eq. (i): 

-(0.39460x10^X4), +[(20.55783-13.96438)xl0 _3 ]a v ) 2 =0 
or (Ah =0.059847(4), 

Using Eq. (9.57): (A x )\ + [0.05984](4 ) 2 ] 2 + (^f = 1 

or (4) 2 = 0.998214 

and (A h =0.059740 

(0 x h = 3-4° (0 y ) 2 = 86.6° (0 Z ) 2 = 90.0° ◄ 

Ky. Begin with Eqs. (9.54b) and (9.54c) with I yz =1^ = 0. 

-i v (Ah + d y -k 3 )(A) 3 = o (h) 

dz - *3X4)3 =o 
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PROBLEM 9.180 (Continued) 


Now I, K 3 => (A z ) 3 = 0 

Substituting into Eq. (ii): 


-(0. 39460 xl0“ 3 )(/l t ) 3 + [(20.55783 -20.58145) xlCT 3 1(4)3 = 0 

or (^) 3 =-16.70618(^)3 

Using Eq. (9.57): Uj 3 2 + [-16.70618(4) 3 ] 2 + (^f = 1 

or (4) 3 =-0.059751 (axes right-handed set =>"_") 

and (4 ) 3 =0.998211 


(0 X ) 3 = 93.4° (0 y ) 3 = 3.43° (0 Z ) 3 = 90.0° ◄ 


Note: Since the principal axes are orthogonal and (O.. ) 2 = (9. ) 3 = 90°, it follows that 

K4) 2 i=K4) 3 i i(4) 2 i=i(4) 3 i 

The differences in the above values are due to round-off errors. 

(c) Principal axis 1 coincides with the z axis, while principal axes 2 and 3 lie in the xy plane. 
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PROBLEM 9.181* 

For the component described in Problems 9.145 and 9.149, 
determine (a) the principal mass moments of inertia at the 
origin, ( b ) the principal axes of inertia at the origin. 
Sketch the body and show the orientation of the principal 
axes of inertia relative to the x, y, and z axes. 


SOLUTION 


(a) 


From the solutions to Problems 9.145 and 9.149, we have 

Problem 9. 145: /, = 26.4325 xlO~ 3 kg m 2 Problem 9.149: I xy = 2.5002 xl(T 3 kg • m 2 

I y = 31.1726xl0 -3 kg • m 2 J yz = 4.0627 xl(T 3 kg • m 2 

/. = 8.5773xl0“ 3 kg- m 2 I zx = 8.8062 xl0“ 3 kg • m 2 

Substituting into Eq. (9.56): 

K 3 - [(26.4325 + 3 1 . 1726 + 8.5773)(l(r 3 )]K 2 

+ [(26.4325)(3 1 . 1726) + (3 1 . 1726)(8.5773) + (8.5773)(26.4325) 
-(2.5002) 2 -(4.0627) 2 - (8.8062) 2 ](10“ 6 )/^ 

- [(26.4325)(3 1 . 1726)(8.5773) - (26.4325)(4.0627) 2 

- (31.1726)(8.8062) 2 - (8.5773)(2.5002) 2 

- 2(2.5002)(4.0627)(8.8062)](l(r 9 ) = 0 

or K 3 - (66.1824xl0“ 3 )/: 2 + (1217.76x 10' 6 )^ - (3981.23x 10“ 9 ) = 0 

Solving yields 


K ] = 4. 1443 x 10“ 3 kg • m 2 
K 2 =29.7840xl0 _3 kg-m 2 
K 3 =32.2541 xlO' 3 kg- m 2 


or K l =4.14x10 3 kg- m 2 A 
or K 2 = 29.8xl0“ 3 kg-m 2 ◄ 
or K 3 =32.3xl0 _3 kg-m 2 A 
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PROBLEM 9.181* (Continued) 


( b ) To determine the direction cosines A x , A , A, of each principal axis, use two of the equations of 

Eqs. (9.54) and Eq. (9.57). Then 

K{. Begin with Eqs. (9.54a) and (9.54b). 

4. -4x44 - 444 -4(4),= o 
I xy (A x ), + (I y - K x )(A y ), - I yz a ),=0 

Substituting: 

[(26.4325 - 4. 1443)(10 _3 )](A C ) 1 - (2.5002 xl0 _3 )(4,)i -(8.8062 xl0 -3 )(^)j =0 


Simplifying 


-(2.5002x10 )(4)i + [(31.1726 -4. 1443)(10 )](/l v ) 1 - (4.0627x10 )(4)i = 0 

8.9146(4)i -(A y \ - 3.5222(4 X = 0 
-0.0925(4 )j + (44 -0.1503(4)! =0 


Adding and solving for (A 


and then 


(A z X = 2.4022(4 X 

(A y \ = [8.9146 - 3.5222(2.4022)1(4)! 


= 0.45357(4)! 

Now substitute into Eq. (9.57): 

(4 )r + [0.45357(4 ), ] 2 + [2.4022(4 ), ] 2 = 1 
or (44 =0.37861 

and (4)i =0.17173 (4X =0.90950 

(4): = 67.8° (4X = 80.1° (0 Z \ =24.6° ◄ 

AX: Begin with Eqs. (9.54a) and (9.54b). 

(4 - k 2 )(4 ) 2 - 4 (4 ) 2 - 4 (4 ) 2 - o 
-4 (4 ) 2 + (. i y - k 2 )(4 ) 2 - 4 (4 ) 2 = o 

Substituting: 

[(26.4325 - 29.7840)(1 0 -3 )] (4 ) 2 - (2.5002 x 1 0 -3 )(A y ) 2 - (8.8062 x 10 -3 )(A Z ) 2 =0 


-(2.5002x10 _3 )(4) 2 +[(31.1726- 29.7840)(10 _3 )](4) 2 - (4.0627 x10~ 3 )(4) 2 =0 
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PROBLEM 9.181* (Continued) 

Simplifying 

-1.3405(4)2 ~(A y ) 2 - 3.5222(4 ) 2 = 0 
-1.8005(4) 2 + (A y ) 2 -2.9258(4 ) 2 =0 

Adding and solving for (4) 2 : 

(4 ) 2 =-0.48713(4) 2 

and then 

(Ay ) 2 = [-1 .3405 - 3.5222(-0.487 1 3)](4 ) 2 
= 0.37527(4) 2 

Now substitute into Eq. (9.57): 

(A x )\ + [0. 37527(4 ) 2 ] 2 +[-0.4871 3(4 ) 2 ] 2 = 1 

or 

( 4) 2 = 0.85184 

and 

( 4) 2 = 0.31967 ( 4) 2 =-0.41496 


(04=31.6° (0 y ) 2 =71.4° (d z ) 2 =114.5° ◄ 

K 3 : Begin with Eqs. (9.54u) and (9.54b). 


(4 - K 3 )(4 ) 3 - Ixy (Ay ) 3 - 1 vc (4 ) 3 = 0 

- 7 xv ( 4) 3 + (/„ - K 3 )(A y ) 3 - I yz (A z ) 3 = 0 

Substituting: 


[(26.4325 - 32.254 1)(1 0 _3 )](4) 3 -(2.5002xl0" 3 )(^) 3 -(8.8062xl0 _3 )(^) 3 =0 

-(2.5002 xl(T 3 

X4) 3 + [(3 1 . 1726 - 32.2541)(10~ 3 )](4 ) 3 - (4.0627 x 10~ 3 )(A, ) 3 = 0 

Simplifying 

-2.3285(4) 3 - (4,) 3 - 3.5222(4 ) 3 = 0 
2.311 8(4 ) 3 + (A y ) 3 + 3.7565(4 ) 3 = 0 

Adding and solving for (A ) 3 : 

( 4)a =0.071 276(4 ) 3 

and then 

(A y ) 3 = [-2.3285 - 3.5222(0.071276)1(4 ) 3 
= -2.5795(4 ) 3 
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PROBLEM 9.181* (Continued) 


Now substitute into Eq. (9.57): 

(4)a + [-2.5795(^)3 ] 2 +[0.071 276(4 ) 3 ] 2 =1 (i) 

or (4 ) 3 =0.36134 

and (A y ) 3 = 0.93208 (A z ) 3 = 0.025755 


(G x ) 3 = 68.8° (O y ) 3 = 158.8° (0,) 3 = 88.5° ◄ 

(c) Note: Principal axis 3 has been labeled so that the principal axes form a right-handed set. To obtain the 
direction cosines corresponding to the labeled axis, the negative root of Eq. (i) must be chosen; that is, 
aj 3 =-0.36134. 



Then 


(6^)3 =111.2° (d y ) 3 = 2 1 .2° ( 0. ) 3 - 9 1 .5° ◄ 
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PROBLEM 9.182* 

For the component described in Problem 9.167, determine (a) the principal 
mass moments of inertia at the origin, (b) the principal axes of inertia at the 
origin. Sketch the body and show the orientation of the principal axes of 
inertia relative to the x, y, and z axes. 
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PROBLEM 9.182* (Continued) 


( b ) To determine the direction cosines A x , A , A, of each principal axis, use two of the equations of 

Eq. (9.54) and Eq. (9.57). Then 

K x : Begin with Eqs. (9.54«) and (9.54b). 


(/ t -^ 1 )a A .) 1 -/ rv a v ) 1 -E r a ; ) 1 = o 

-r„ (A x ), + (I y - K 2 )(A y ), - I yz (A, X = 0 


Substituting 


( 1 ■) 

fw 2 ) 


( \w A 

— 0.163917 

— a 

(AJ i- 

z 

a 

U J 

l 8 


l 4 8 J 


f3W 2 

a 

V 8 § 


(4) i=o 


fiw 2 

a 

V 4 8 


\ 

a,)i + 

) 


(1-0.163917) 

(w 0' 

f 

(^y)l “ 


l 8 )_ 

V 


aj, =o 


Simplifying 


1.34433(4), -a,X -1.5(4)! =0 


-0.29901 3(/l v X + (Ay)i - 0.1 49507(/l, X =0 


Adding and solving for (A 

(4 X =0.6337 15(4 X 

and then (AJ 1 = [1.34433 -1.5(0.633715)](4X 

= 0.393758(4 X 


Now substitute into Eq. (9.57): 


(4X 2 + [0.393758(4X] 2 + (0.633715(4X] 2 =1 


or (4)! =0.801504 

and (4X =0.315599 (4 X = 0.507925 


(#4 = 36.7° (O y \ =71.6° (^X=59.5°4 


*2= 


Begin with Eqs. (9.54a) and (9.54b): 

(4- * 2 X 4)2 -V4W w (4 ) 2 =o 

-4 (4)2 + (4 - 4 )(4 >2 - [ yz (A ) 2 =o 
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PROBLEM 9.182* (Continued) 


Substituting 


1.05402 ] 

f w 2 y 

(Ah 

) 

U )_ 



1 W 2 

a 

4 g 


(1 W 4 

a 

(Ah + 

(1 - 1.05402) 

fw 2 ) 

— a 

l 4 g j 



U ) 


\ 

Ay ) 2 - 

(3 w A 

e~ a 


l 8 § J 

Ay ) 2 - 

fiw A 

l 8 § J 


(/L) 2 =0 

(4)2=0 


Simplifying 


-2.2 1 608(4 ) 2 -(4 ) 2 -1.5(4 ) 2 =° 


4.62792(4) 2 + (4 ) 2 + 2.3 1396(4 ) 2 =0 


Adding and solving for (4 ) 


'z' 2 


(4 ) 2 = -2.96309(4 ) 2 

and then (4> 2 = [-2.21608 -1.5(-2.96309)](4) 2 

= 2.22856(4 ) 2 

Now substitute into Eq. (9.57): 

(4)z +[2.22856(4) 2 ] 2 +[-2.96309(4) 2 ] 2 =1 
or (4 ) 2 =0.260410 

and (A,,) 2 =0.580339 (4), =-0.771618 

(4) 2 =74.9° (4) 2 =54.5° (0,) 2 =140.5° ◄ 

K^: Begin with Eqs. (9.54a) and (9.54Z?): 

(4 - ^3 )(4 ) 3 - 4v (4 ) 3 - 4* (4 ) 3 = 0 
-444)3 + (4 - ^3X4)3 - 444)3 = 0 


Substituting 


1.1 1539 ) 

(w 2 y 

— a 

/ 

(^xh ~ 

J 


\ 


1 W 2 | /3 v 
-a ( 4)3 + 


1W 2 

a 

4 g 


4 g 


(1-1.11539) 


W 


\ 

Ay h - 
J 

(3W A 

a 

l 8 § ) 

Ayh - 

fi W 2 ) 

As J 


( 4)3 = 0 


V3 


Simplifying 


-2.46156(4)3 -(4 ) 3 -1.5(4 4 =° 
2. 1 6657(4 ) 3 + (4 ) 3 + 1 .08328(4 ) 3 = 0 
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PROBLEM 9.182* (Continued) 


Adding and solving for (4 ) 3 

a ) 3 =-0.707885a x ) 3 

and then (X y ) 3 = [-2.46156- 1.5(-0.707885)] (X x ) 3 

= -l. 39973(4 ) 3 


Now substitute into Eq. (9.57): 

(4) 3 +[-1.39973(4) 3 ] 2 +[-0.707885(4) 3 ] 2 = 1 (i) 

or (4 ) 3 =0.537577 

and (4 ) 3 = -0.752463 (X, ) 3 = -0.380543 


(0 X ) 3 =57.5° (. 0 y ) 3 = 138.8° (d z ) 3 = 112.4° ◄ 

(c) Note: Principal axis 3 has been labeled so that the principal axes form a right-handed set. To obtain the 
direction cosines corresponding to the labeled axis, the negative root of Eq. (i) must be chosen; that is, 
(4 ) 3 =-0.537577. 



Then (G x ) 3 =122.5° (0 y ) 3 =41.2° (0 Z ) 3 = 67.6° ◄ 
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PROBLEM 9.183* 

For the component described in Problem 9.168, determine (a) the 
principal mass moments of inertia at the origin, ( b ) the principal axes 
of inertia at the origin. Sketch the body and show the orientation of 
the principal axes of inertia relative to the x, y, and z axes. 


SOLUTION 

(a) From the solution to Problem 9. 168, we have 

I x = 18.91335— n 4 

g 

1 = 7.68953— n 4 


L = 12.00922— a 4 


Substituting into Eq. (9.56): 


K 3 - 

(18.91335 + 7.68953 + 12.00922) 

fivT 



U )_ 


/ u = 1.33333— a 4 
* g 

I = 7.14159— « 4 
8 

I„ = 0.66667 —a 4 
g 


K 


+ [(1 8.9 1335)(7.68953) + (7.68953)(12.00922) + (12.00922)(1 8.9 1335) 

K 


■ (1.33333) 2 - (7. 14159) 2 + (0.66667) 2 ] 


r yt \ 2 

r 4 
— a 


\g J 


- [(18.9 1 335)(7.68953)(1 2.00922) - (1 8.91 335)(7. 14159) 2 

- (7.68953)(0.66667) 2 - (12.00922)(1 .33333) 2 


■2(1.33333)(7. 14159)(0.66667)] 


f yt ^ 

— a 

yg ) 


= o 


Simplifying and letting 


K-—a 4 K yields 

g 


K 3 - 38.61210A' 2 + 41 1.69009 A" - 744.47027 = 0 
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PROBLEM 9.183* (Continued) 


Solving yields 

K x = 2.25890 K 2 = 17.27274 K 3 = 19.08046 
The principal moments of inertia are then 


K y =2.26^-a ◄ 
8 

K 2 =17.27 ◄ 

8 

K 3 = 19.08 ◄ 

8 


(b) To determine the direction cosines A x , A , 4 of each principal axis, use two of the equations of 
Eq. (9.54) and Eq. (9.57). Then 

K { : Begin with Eqs. (9.54a) and (9.54 b): 

(i x - - i xy a, ),-/„ a ) 1= o 

-i xy a x ), + (i y - k 2 )u y ), - 1 yz a ), =o 

Substituting 


(18.91335-2.25890) 

f yt 

(4)i-| 

1.33333— a 4 1(4)i - 

( Yt } 

0.66667 —a 4 


l 8 )_ 


l a ) 

l 8 ) 


( rt A 

1.33333— a 4 

(4)i + 

(7.68953-2.25890) 

4 1 

(44- 

7.14159 — a 4 

l 8 J 





l § ) 


a z )<=° 

(Ah =° 


Simplifying 


12.49087(4), ~a y h ~0.5a z h =0 
-0.24552(4 ), + (4), -1.31506(4), =0 


Adding and solving for (A ), 
and then 

Now substitute into Eq. (9.57): 

or 

and 


(A z h =6.74653(4), 

a v ); = [12.49087 - (0.5)(6.74653)](4), 

= 9.11761(4), 

(4)i 2 + [9. 1176 1(4 ),] 2 + [6.74653(4 ), ] 2 =1 
(4), =0.087825 

(4 ), =0.80075 (4), =0.59251 

(04=85.0° (04=36.8° (04=53.7° ◄ 
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PROBLEM 9.183* (Continued) 


K 2 : Begin with Eqs. (9.54a) and (9.54£>): 


(4 - k 2 )U x ) 2 - 4 x 4)2 - 4(44 - 0 
-4 a x ) 2 + (i y - k 2 )u v ) 2 - i yz a ) 2 = o 


Substituting 

[(18.91335-17.27274) 

1.33333— a 4 }(A X ) 2 + 

S J 


— o 4 1(4) 2 — 

1.33333— a 4 

(4 4 

0.66667— a 4 ^ 

U J 


8 


l 8 J 

r 




f . \ 

(7.68953-17.27274) 

— a 4 | 

(44 — 

7.14159 — a 4 

L 


U J. 


l 8 J 


2 


V2 


Simplifying 


Adding and solving for (4 ) 


'z>2 


and then 

Now substitute into Eq. (9.57): 

or 

and 


1 . 23046(4 ) 2 - a v ) 2 - 0 . 5(4 ) 2 =0 
0 . 1391 3(4 ) 2 + (4 ) 2 + 0 . 74522(4 ) 2 = 0 

( 4) 2 = - 5 . 585 15 ( 4) 2 

( 4) 2 = [ 1.23046 - ( 0 . 5 )(- 5 . 58515 )]( 4) 2 
= 4.02304 ( 4) 2 

(4)2 +[4.02304(4) 2 ] 2 +[-5.58515(4) 2 ] 2 =1 
( 4) 2 = 0.14377 

( 4) 2 = 0.57839 ( 4) 2 = - 0.80298 

(0 X ) 2 = 81.7° (0 y ) 2 -54.1° (0 Z ) 2 =143.4° ◄ 


4 : Begin with Eqs. (9.54a) and (9.54b): 

(/, - K 3 X 4) 3 - Wa - 4X44 = 0 

-4 (4 ) 3 + (4 - 4 )(4 ) 3 - 4 * (4 ) 3 = 0 

Substituting 


[(18.91335 - 19.08046) 

— a 4 l(4) 3 - 

( vt ^ 

1.333334-a 4 

(4 4 

( yf \ 

0.66667— a 4 


U J 

l 8 J 


l § J 


1.33333— a 4 |(4 ) 3 + 

(7.68953-19.08046) 

44 

(4 4 

( vt \ 

7.14159— a 4 

l 8 J 


l 8 J. 


l 8 J 
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PROBLEM 9.183* (Continued) 


Simplifying 


-0.12533(4)3 - (4) 3 -0.5(4 )a = 0 
0.11705(4) 3 +(4) 3 + 0.62695(4 ) 3 =0 


Adding and solving for (4 ) 3 


and then 


Now substitute into Eq. (9.57): 


or 

and 


(4) 3 = 0.06522(4 ) 3 

(4 ) 3 = [-0. 12533 - (0.5)(0.06522)](4) 3 
= -0.1 5794(4 ) 3 


(4 ) 3 +[-0.1 5794(4 ) 3 ] 2 +[0.06522(4 ] 3 ] 2 =1 
(4 ) 3 =0.98571 

(4) 3 =-0.15568 (4) 3 =0.06429 


(i) 


(4) 3 =9.7° (4) 3 =99.0 o ( 4 ) 3 = 86 . 3 ° ◄ 

(c) Note: Principal axis 3 has been labeled so that the principal axes form a right-handed set. To obtain the 
direction cosines corresponding to the labeled axis, the negative root of Eq. (i) must be chosen; that is, 
(4 ) 3 =-0.98571. 



Then 


( 4) 3 =170.3° ( 4)3 =81.0° (4) 3 =93.7° ◄ 
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PROBLEM 9.184* 

For the component described in Problems 9.148 and 9.170, 
determine (a) the principal mass moments of inertia at the origin, 
( b ) the principal axes of inertia at the origin. Sketch the body and 
show the orientation of the principal axes of inertia relative to the 

x, y, and z axes. 


SOLUTION 

(a) From the solutions to Problems 9. 148 and 9. 170. We have 

I x = 0.32258 kg • m 2 
[ xy = I zx = 0.096768 kg • m 2 
Substituting into Eq. (9.56) and using 

I y 7 - I X y /,, — ^ 


/ =/. =0.41933 kg m 2 


^=0 


Simplifying 
Solving yields 


£ 3 - [0.32258 + 2(0.41933)] K 2 

+ [2(0.32258X0.41933) + (0.41933) 2 - 2(0.096768) 2 ]K 
-[(0.32258)(0.41933) 2 - 2(0.41933)(0.096768) 2 ] = 0 


K - - 1. 161247T 2 + 0.42764 Ai - 0.048869 = 0 


K x = 0.22583 kg • m 2 
K 2 = 0.41920 kg- nr 
K 3 =0.51621 kg- m 2 


or K x - 0.226 kg • m 2 M 
or K-, = 0.419 kg • m 2 A 
or K 2 - 0.516 kg • m 2 -4 


( b ) To determine the direction cosines A x , A , A 7 of each principal axis, use two of the equations of 

Eqs. (9.54) and (9.57). Then 

K x : Begin with Eqs. (9.54&) and (9.54c): 


AA x \+(i y -K x )a y \-/ y fa z ) 3 =o 

/ 

A)l-/<(^)l + (^-W)3=0 
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PROBLEM 9.184* (Continued) 


Substituting 


Simplifying yields 


-(0.096768)(4)! +(0.41933 -0.22583)(4), =° 
-(0.096768X4)! +(0.41933-0.22583X4)! =0 

(4>! =(4>! = 0.50009(4 x 


Now substitute into Eq. (9.54): 

(4) 2 +2[0.50009(4),] 2 =l 

or (4 )i =0.81645 

and (4X = (4 X =0.40830 


=35.3° (^) 1 =(^)i=65.9° ◄ 


K 2 : Begin with Eqs. (9.54a) and (9.54Z?) 

(7, - k 2 )( 4) 2 - I„a y ) 2 - IJ 4)2 - o 
-I xy U x ) 2 + (Iy - K 2 )(A y ) 2 -/ySKh = 0 

Substituting 

(0.32258-0.41920)(4) 2 -(0.096768)(4) 2 -(0.096768)(4) 2 =0 (i) 


-(0.96768X4 ) 2 + (0.41933- 0.41920X4 ) 2 =0 (ii) 


Eq.(ii) => (4) 2 =0 

and then Eq. (i) => (\) 2 = -(4)2 

Now substitute into Eq. (9.57): 0 

(4^+(4) 2 +H4) 2 ] 2 =i 


or 

<x ’ h ~ 

and 

a,k= ~72 


IB, 1, -9o.o' 


(0 y h =45.0° 


(0 Z ) 2 =135.0° ◄ 
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PROBLEM 9.184* (Continued) 


K 3 : Begin with Eqs. (9.54/;) and (9.54c): 


i xy aj 3 + a y - K 3 )u y ) 3 +/C(K\ 3 = o 


0 


Substituting 


Simplifying yields 


-LJA x ) 3 ) 3 + (/. - K 3 )U z ) 3 - 0 

-(0.096768X4 ) 3 +(0.4 1933 -0.5 162 l)a y ) 3 =0 
-(0.096768X4 ) 3 + (0.41933 -0.5 1621)(4 ) 3 =0 

( 4)3 = ( 4 ) 3 = _ (44 


Now substitute into Eq. (9.57): 

( 4 ) 3 +2[-(4) 3 ] 2 =1 


(i) 


or 


and 


U,-) 3 = — 


1 

3 


(4) 3 =(4)=-J= 


(^) 3 =54.7° (4) 3 =(<9,) 3 =125.3° ◄ 


(c) 



Note: Principal axis 3 has been labeled so that the principal axes form a right-handed set. To obtain the 
direction cosines corresponding to the labeled axis, the negative root of Eq. (i) must be chosen; 


That is, 
Then 


(4)3=- — 


1 

3 


( 4 ) 3 = 125 . 3 ° 


(0 y ) 3 = (4) 3 =54.7° ◄ 
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\ X 



[■«— a — *- ■*— a — *• 


PROBLEM 9.185 

Determine by direct integration the moments of inertia of the shaded area 
with respect to the x and y axes. 
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PROBLEM 9.186 

Determine the moment of inertia and the radius of gyration of the 
shaded area shown with respect to the y axis. 
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PROBLEM 9.187 

Determine the moment of inertia and the radius of gyration of the 
shaded area shown with respect to the x axis. 
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PROBLEM 9.188 

Determine the moments of inertia I x and / of the area shown with 
respect to centroidal axes respectively parallel and perpendicular to 
side AB. 


SOLUTION 

First locate C of the area: 
Symmetry implies X — 12 mm. 



A, mm 2 

y, mm 

yA, mm 3 

1 

12x22 = 264 

n 

2904 

2 

— (24)(18) = 216 
2 

28 

6048 

X 

480 


8952 



Then 


Now 

where 


Then 


YIA- HyA: Y (480 mm 2 ) = 8952 mm 3 
Y = 18.65 mm 

T x = V x \ + V x h 

(I x \ = —(12 mm)(22 mm) 3 + (264 mm 2 )[(18.65 - 11) mm] 2 
= 26,098 mm 4 

(7 X ), = —(24 mm)(18 mm) 3 +(216 mm 2 )[(28 - 18.65) mm] 2 
36 

= 22,771 mm 4 

J x =(26.098 + 22.771) xlO 3 mm 4 

or I x = 48.9xl0 3 mm 4 4 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1696 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1697 




f 


100 

mm 


O 

50 

nm 

1 AA 




50 mm 


PROBLEM 9.189 

Determine the polar moment of inertia of the area shown with respect to 
(a) Point O, (b) the centroid of the area. 


SOLUTION 


Dimensions in mm Symmetry: X — Y 



Determination of centroid C of entire section. 


Section 

Area, mm 2 

y, mm 

yA, mm 3 

1 

— (100) 2 =7.854xl0 3 
4 

42.44 

333.3x10 s 

2 

(50)(100) = 5xl0 3 

50 

250 xlO 3 

3 

(100)(50) = 5xl0 3 

-25 

-125xl0 3 

£ 

17.854xl0 3 


458.3x10 s 


YIA = XyA: y(17.854xl0 3 mm 2 ) = 458.3xl0 3 mm 3 


Distance 0 to C: 
(a) Section 1: 


Section 2: 


Y = 25.67 mm X = Y = 25.67 mm 


OC = JlY = V2 (25.67) = 36.30 mm 

J 0 = — (100) 4 = 39.27xl0 6 mm 4 
8 

J 0 =J + A(OD) 2 =— (50)(100)[50 2 + 100 2 ] + (50)(100) 




J 0 = 5.208 xlO 6 + 15.625 xlO 6 = 20.83xl0 6 mm 4 
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PROBLEM 9.189 (Continued) 


Section 3: Same as Section 2; J a = 20.83xl0 6 mm 4 
Entire section: 

J 0 =39.27 xl0 6 + 2(20.83 xlO 6 ) 

= 80.94 xlO 6 J 0 = 80.9x1 0 6 mm 4 ◄ 

( b ) Recall that, OC - 36.30 mm and A — 17.854xl0 3 mm 2 

J 0 = J c + A{OC) 2 

80.94 xlO 6 mm 4 = J c + (17.854X 10 3 mm 2 )(36.30 mm) 2 

7 C =57.41 xlO 6 mm 4 J c =57.4xl0 6 mm 4 ◄ 
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0.5 in. 
1 1 

y 

-t Jy y- 


PROBLEM 9.190 

Two L5 x 3 x 4 -in. angles are welded to a 4 -in. steel plate. 
L 5 x 3 / 4 Determine the distance b and the centroidal moments of inertia I x 
2 and / v of the combined section, knowing that 7 V =4 I x . 

c< 

1 


I 

X 

TL 

t =T ill » 

-t K in 

_□ 

J 

1 p* d in . “ 

p* d m. 

*1 


SOLUTION 

Angle: A = 3.75in 2 

T x = 9.43 in 4 
T y = 2.55 in 4 

First locate centroid C of the section. 



Area, in 1 

y, in. 

yA, in 3 

Angle 

2(3.75) = 7.50 

1.74 

13.05 

Plate 

(10X0.5) =5 

-0.25 

-1.25 

E 

12.50 


11.80 


FEA^ZvA: F(12.50in 2 ) = 11.80in 3 

Y= 0.944 in. 

C = 2(/ x ) angle + (I x ) pi a , e 

(/Jangle = K + Ad 2 = 9.43 in 4 + (3.75 in 2 )[(1.74 - 0.944) in.] 2 
= 1 1.8061 in 4 

(/J plate = L + Ad2 = -^ (1° in -)(°- 5 in -> 3 + ( 5 in 2 )[(0-25 + 0.944) in.] 2 
= 7.2323 in 4 

T x = [2(1 1.8061) + 7.2323] in 4 = 30.8445 in 4 

or T x - 30.8 in 4 4 


Then 

or 

Now 

where 

Then 
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PROBLEM 9.190 (Continued) 


We have I y = 4 I x = 4(30.8445 in 4 ) = 123.378 in 4 

or T y = 123.4 in 4 ◄ 

Now /v=2(/,)angle+(^)plate 

where (T y ) angle = 7 y + Ad 2 = 2.55 in 4 + (3.75 in 2 )[(b - 0.746) in.] 2 

(^.)piate = ^(0-5 in-)(10in.) 3 =41.6667 in 4 

Then 123.378 in 4 = 2[2.55 + 3.75 (b - 0.746) 2 ] in 4 + 41.6667 in 4 


or b- 3.94 in. A 
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PROBLEM 9.191 

Using the parallel-axis theorem, determine the product of inertia of 
the L5 x 3 x 4 -in. angle cross section shown with respect to the 
centroidal x and y axes. 


SOLUTION 

We have 

For each rectangle 

and 

Thus 



A, in 2 

x, in. 

y, in. 

xyA, in 4 

1 

3x — = 1.5 
2 

0.754 

-1.49 

-1.68519 

2 

4.5x2 = 2.25 
2 

-0.496 

1.01 

-1.12716 

£ 




-2.81235 


1 =-2.81 in 4 ◄ 

x.y 


txy ~Oxy\ + Oxyb 

I xy=tx'y' + ^y A 
f x y =0 (symmetry) 
Ixy =ZxyA 


M 

-m 

-[o.74fc-i'AYW- 



■f 




or 

^ LU0V>-<Vm>]h»- 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1702 






PROBLEM 9.192 

For the L5 x 3 x y-in. angle cross section shown, use Mohr’s circle 
to determine (a) the moments of inertia and the product of inertia 
with respect to new centroidal axes obtained by rotating the x and y 
axes 30° clockwise, (b) the orientation of the principal axes through 
the centroid and the corresponding values of the moments of inertia. 


SOLUTION 

From Figure 9. 1 3a: 

From the solution to Problem 9.191 


7 =9.43 in 4 7 =2.55 in 4 


7^ = -2.81235 in 

The Mohr’ s circle is defined by the diameter XY, where 

X (9.43 -2.8 1235), 7(2.55, 2.81235) 



Now 


and 


/ave = t('v + Iy) = ^(9.43 + 2.55) = 5.99 in 4 


7? = , 




“|2 


+ I x ], - , 




-(9.43-2.55) 


+ (-2.81235)- 


= 4.4433 in 4 

The Mohr’s circle is then drawn as shown. 

27..,, 

tan 2# = — - 


h~h 


or 

and 

Then 


2(-2.81235) 
9.43-2.55 
= 0.81754 

26 m = 39.267° 

0 m = 19.6335° 

a = 180° -(39.267° + 60°) 
= 80.733° 
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PROBLEM 9.192 (Continued) 


(a) We have 


(b) 


7,, =7 ave -7?cos« = 5.99-4.4433cos80.733° 

or 

Ty = 7 ave + R cos oc = 5 .99 + 4.4433 cos 80.733° 


or 


l x > — 5.27 in 4 ◄ 
7/ = 6.71 in 4 ◄ 


/ , , = -ft sin O' = -4.4433 sin 80.733° 

xy 


or /,, =-4.39 in 4 ◄ 

xy 


First observe that the principal axes are obtained by rotating the xy axes through 

19.63° counterclockwise A 
about C. 


Now 


/ 


max, min 


7 ave ±/? = 5.99 ±4.4433 


or / max -10.43 in 4 ◄ 
7™ =1-547 in 4 ◄ 



From the Mohr’s circle it is seen that the a axis corresponds to 7 max and the b axis corresponds to / min . 
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PROBLEM 9.193 

A thin plate of mass m has the trapezoidal shape shown. Determine 
the mass moment of inertia of the plate with respect to (a) the x axis, 
( b ) the y axis. 


SOLUTION 

First note 

Also 

(a) Now 


Then 

( b ) We have 


Then 

Finally, 


mass = m = pV = ptA 


■Pt 


(2a)(a) + ^(2a)(a) 


-3 ptar 


m 


Aiiass PtI area „ 2 ^area 

3a 


Ax, area (Ax )l,area (Ax ^2,'c 


= —(2a)(a) 3 + — (2o)(fl) 3 


12 


5 4 

— —a 

6 


© 



m 5 4 

-x—a 


3 a 6 


or 7 x,mass ^ 


Carea l 7 z h.area area 


Ua)(2a? 

+ 

-Utf)(2 fl ) 3 +i(2fl)(a)| 

f i v 

2a H — x2 a 

[3 J 


36 2 

v 3 ) 


= 10 a 


m 4 10 2 

Cmass =^T xl0 « =—ma 
ici~ 3 


7 y,mass 7 v,mass 7 z,mass 

5 t 10 2 

= — ma~ H ma 

18 3 


65 2 

= — ma 
18 


or 7 v,mass = 3 . 61 ma ◄ 
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PROBLEM 9.194 

A thin plate of mass m has the trapezoidal shape shown. Determine 
the mass moment of inertia of the plate with respect to (a) the 
centroidal axis CC that is perpendicular to the plate, (b) the axis A A' 
that is parallel to the x axis and is located at a distance 1.5a from the 
plate. 


SOLUTION 

First locate the centroid C. 


X'LA-'LxA : X(2a 2 + a 2 ) - a(2a 2 ) + \ 2a + -^x2a | (a 2 ) 


v 14 

or X = — a 

9 

ZZA — XTA'- Z(2a~ + a 2 ) -\ —a \(2a 2 ) + 


^ a | (a 2 ) 


~ 4 

or Z = —a 

9 

(a) We have I y ^ s =T cCmass +m{X 2 +Z 2 ) 

From the solution to Problem 9.1 17: 

, _65 2 

*y,mass jg 



65 2 

Then 

he', mass =— ~ m 

We have 

Ax, mass — I BB', mass 

and 

I AA', mass ^ BB', mass 

Then 

I AA', mass — A, mass 


04 V (4 x2 


+ 


V v j 


—a 

9 


(1.5 af 


\ 2 
—a 
v9 j 


or I - = 0.994ma 2 A 
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PROBLEM 9.194 (Continued) 


From the solution to Problem 9.193: 


Then 


mass 



l AA!, mass = ~ma + m 


18 


(1.5o) 2 - 

f 4 f 

~ a 


l 9 J _ 



or I aa' - 2.33 ma 2 A 
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PROBLEM 9.195 

A 2 -mm thick piece of sheet steel is cut and bent into the 
machine component shown. Knowing that the density of steel 
is 7850 kg/m 3 , determine the mass moment of inertia of the 
component with respect to each of the coordinate axes. 


SOLUTION 

First compute the mass of each component. We have 

m ~ PsA ~ PsjtA 


Then 


?)?[ = (7850 kg/m 3 )(0.002 m)(0.3 m) 2 
= 1.413 kg 

m 2 -m 2 — (7850 kg/m 3 )(0. 002 m)x (0.15x0.12) m 2 



= 0.2826 kg 

Using Figure 9.28 and the parallel-axis theorem, we have 

I X = (I X \+2(I X ) 2 


‘xH 

-^(1.413 kg) (0.3 m) 2 


+ 2 


^-(0.2826 kg)(0.12 m) 2 + (0.2828 kg)(0.15 2 +0.06 2 ) m 2 


= [(0.0105975) + 2(0.0003391 + 0.0073759)] kg • m 2 
= [(0.01 05975) + 2(0.0077 1 50)] kg • m 2 

or I x - 26.0 xl0~ 3 kg-m 2 A 

ly ~ (I y \ +2(I y ) 2 

-^-(1.413 kg)(0.3 2 +0.3 2 )m 2 


+ 2 


(0.2826 kg)(0.15 m) 2 + (0.2826 kg)(0.075 2 + 0.15 2 ) m 2 


= [(0.021 1950) + 2(0.0005299 + 0.0079481)] kg • m 2 
= [(0.021 1950) + 2(0.0084780)] kg • m 2 


or / = 38.2xl0“ 3 kg-m 2 ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1708 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1709 





PROBLEM 9.196 

Determine the mass moment of inertia and the radius of 
gyration of the steel machine element shown with respect to 
the x axis. (The density of steel is 7850 kg/m 3 .) 
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PROBLEM 9.196 (Continued) 


= [(0.0061995 + 0.0178833) + (0.0002745 + 0.0180409) 

- (0.0004658 + 0.0038460)] kg • m 2 
= (0.0240828 + 0.0 1 83 1 54 - 0.0043 1 1 8) kg • m 2 
= 0.0380864 kg -m 2 

or I x =38.1xl0 -3 kg m 2 A 
m - m l + 7 n, - m 3 = (3.17925 + 0.998791 - 1.06834) kg 

Now 

= 3.10970 kg 

, , 2 I 0.0380864 kg m 2 

and k; = — = 5 

m 3.10970 kg 

or k x - 1 10.7 mm A 
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CHAPTER 10 
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PROBLEM 10.2 

Determine the vertical force P that must be applied at G to maintain 
the equilibrium of the linkage. 
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PROBLEM 10.4 

Determine the couple M that must be applied to member DEFG to 
maintain the equilibrium of the linkage. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 



1718 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1719 








PROBLEM 10.6 




Solve Problem 10.5 assuming that the vertical force P is applied at 
Point E. 

D 

400 N 
*>< 


PROBLEM 10.5 Determine the force P required to maintain the 

]°° N 

fi:: 


equilibrium of the linkage shown. All members are of the same 
length and the wheels at A and B roll freely on the horizontal rod. 

75 N 

P 

i" 

150 N 
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SOLUTION 

For AAA'C: 


For ABB'C : 


Virtual Work: 


or 


A'C = a tan 0 
y A = -{A’C) = -a tan 6 


$y A = 


a 

cos 2 0 


50 


B'C = / sin 0- A'C 
= lsin0-a tan 0 
, _ B'C _ I sin 0 - a tan 0 
tan 0 tan 0 

x B = BB' = 1 cos 0 - a 
5 x b = -l sin 050 



5U -0: PSx B -QSy A = 0 

P(-l sin 050) - Q | %- 50 \ = O 

V cos " 0 ) 

PI sin#cos 2 0 = Qa 


Q 


P — sin<9cos 2 0 -4 
a 
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SOLUTION 


We have 


Virtual Work: 


A 



SU = 0: -PSy A - Qd(CD) = 0 


—P(—2l sin 086) - Q 


l cos — §0 | = 0 
2 


Q-2P 


sin 6 
cos(^/2) 
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1 


PROBLEM 10.13 



Solve Problem 10.12 assuming that the force P applied at Point A acts 
horizontally to the left. 

PROBLEM 10.12 Knowing that the line of action of the force Q passes 
through Point C, derive an expression for the magnitude of Q required to 
maintain equilibrium. 
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PROBLEM 10.17 

A uniform rod AB of length / and weight W is suspended from two cords AC 
and BC of equal length. Derive an expression for the magnitude of the 
couple M required to maintain equilibrium of the rod in the position shown. 
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PROBLEM 10.18 

Collar B can slide along rod AC and is attached by a pin to a block 
that can slide in the vertical slot shown. Derive an expression for 
the magnitude of the couple M required to maintain equilibrium. 
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PROBLEM 10.21 

A 4-kN force P is applied as shown to the piston of the engine 
system. Knowing that AB = 50 mm and BC - 200 mm, determine 
the couple M required to maintain the equilibrium of the system 
when (a) 0 = 30°, (b) 0 = 150°. 
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PROBLEM 10.21 (Continued) 


Virtual Work: 


Thus, 


(a) 


8U = 0: -P8x c -M86 = 0 


-P 


ABs\n{6 + (/)) s 

Ou 

COS0 


-MSP -0 


M = AB 


sin (# + 0) 

COS0 


P 


P = 4kN, 0- 30° 


(4) 


Eq. (1): 

sine >= 50 mm s i n 30° 0 = 7.181° 

200 mm 


Eq. (4): 

. AAC sin (30°+7.181°) 

M = (0.05 m) v (4 kN) 

cos7.818° 

M = 121.8 N-m ◄ 


E = 4kN, 9 = 150° 


Eq. (1): 

sin0 = 50 111111 sin 160° 0 = 7.181° 

200 mm 


Eq. (4): 

a, mnt sin (150°+7.181°) . . . XT , 
M = (0.05 m) v (4 kN) 

cos 7.181° 

M = 78.2 N • m ' ◄ 
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PROBLEM 10.22 

A couple M of magnitude 100 N • m is applied as shown to the 
crank of the engine system. Knowing that AB = 50 mm and 
BC = 200 mm, determine the force P required to maintain the 
equilibrium of the system when (a) 6 - 60°, (b) 9 = 120°. 
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PROBLEM 10.22 (Continued) 


Virtual Work: 

SU = 0: -P5x c -M8Q = 0 



_ p r_ ABsm(» + « SS ]_ MSS = 0 

COS <f) 


Thus, 

M=AB ^»*1» P 

COS0 

(4) 

(a) 

M= 100N-m, 0 = 60° 


Eq. (1): 

sin0= 50 h™ sin 60° d> = 12.504° 

200 mm 


Eq. (4): 

sin (60° + 12.504°) 

100 N • m = (0.05 m) ’ P 

cos 12.504° 



P = 2047 N 

P = 2.05 kN — *- ◄ 

(b) 

M= 100 N m, 6 = 120° 


Eq.(l): 

sin^= 50 111111 sin 120° d> = 12.504° 
200 mm 


Eq. (4): 

100N.m = (0.05m) Sin(120 ° + 12 - 504O) P 
cos 12.504° 



p = 2649 N 

P = 2.65 kN — - ◄ 
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PROBLEM 10.23 

A slender rod of length / is attached to a collar at B and rests on a portion of 
a circular cylinder of radius r. Neglecting the effect of friction, determine the 
value of 0 corresponding to the equilibrium position of the mechanism when 
l = 200 mm, r = 60 mm, P - 40 N, and Q = 80 N. 
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PROBLEM 10.24 

A slender rod of length l is attached to a collar at B and rests on a portion of a 
circular cylinder of radius r. Neglecting the effect of friction, determine the 
value of 6 corresponding to the equilibrium position of the mechanism when 
l — 14 in., r — 5 in., P — 75 lb, and Q — 150 lb. 
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IP 

PROBLEM 10.25 


/ 0 ) 
/ 

Determine the value of 6 corresponding to the equilibrium position of the rod 
of Problem 10. 10 when l = 30 in., a -5 in., P = 25 lb, and Q- 40 lb. 

i 

/^j / 

PROBLEM 10.10 The slender rod AB is attached to a collar A and rests on a 
small wheel at C. Neglecting the radius of the wheel and the effect of friction, 
derive an expression for the magnitude of the force Q required to maintain 
the equilibrium of the rod. 

A 4 

f 
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PROBLEM 10.25 (Continued) 


with 


l = 30 in., a = 5 in., P-25 lb, and Q — 40 lb 


(40 lb) = (25 lb) 


30 in. 3 

cos $-1 

5 in. 


cos 3 6 = 0.4333 


<9 = 40.8° ◄ 
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PROBLEM 10.26 

Determine the values of 9 corresponding to the equilibrium position of the rod 
of Problem 10. 1 1 when / = 600 mm, a = 100 mm, P - 50 N, and Q = 90 N. 

PROBLEM 10.11 The slender rod AB is attached to a collar A and rests on a 
small wheel at C. Neglecting the radius of the wheel and the effect of friction, 
derive an expression for the magnitude of the force Q required to maintain the 
equilibrium of the rod. 


SOLUTION 

For A AA'C: 


For ABB'C: 


Virtual Work: 


or 


A'C = a tan 0 
y A = -(A'C) = -a tan 9 


a = 


— V - so 

cos" 9 


B'C -l sin 9- A'C 
= / sin 9 -a tan 9 

, B'C / sin # - a tan # 

1 ) 1 ) — — 

tan 9 tan 9 

x B = BB' = 1 cos 9 - a 

§x B - -l sin 959 



5U = 0: P5x b — Q5y A — 0 


P(-l sin 959) -Q 


59 \ = 0 


cos 2 9 
PI sin#cos 2 9-Qa 


Q 


P — sin9cos 2 9 
a 
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PROBLEM 10.26 (Continued) 


with / = 600 mm, a = 100 mm, P — 50 N, and Q - 90 N 

nn .. /cr> , T . 600 mm . 2 

90N = (50N) sin#cos 6 

100 mm 

or sin #cos 2 0 = 0.300 

Solving numerically 9 = 19.81° and 51.9° 4 
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PROBLEM 10.27 

Determine the value of 0 corresponding to the equilibrium position of 
the mechanism of Problem 10.12 when P = 80 N and Q — 100 N. 

PROBLEM 10.12 Knowing that the line of action of the force Q 
passes through Point C, derive an expression for the magnitude of Q 
required to maintain equilibrium. 


SOLUTION 

From geometry 


Virtual Work: 


or 


with 


or 


y A = 21 cos 6, Sy A - -21 sin 089 

CD — 21 sin — , 8(CD) — /cos — 80 
2 2 


SU = 0: -P8y A - QS(CD) = 0 


- P (-21 sin 080) -Q 


l cos — 80 | = 0 
2 


Q = 2P 


sin# 


cos 


(!) 


P = 80 N, Q = 100 N 
(100 N) = 2(80 N)- Sin6> 


COS 


(f) 


sin# 


cos 


>(D 

2sin(4)cos(f) 


COS 


(!) 


= 0.625 


= 0.625 


0 = 36.42° 

(Additional solutions discarded as not applicable are 0 = ±180°) 



0 = 36.4° ◄ 
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PROBLEM 10.28 

Determine the value of 6 corresponding to the equilibrium position of the 
mechanism of Prob. 10. 14 when P = 270 N and Q = 960 N. 
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w 


PROBLEM 10.29 

A load W of magnitude 600 N is applied to the linkage at B. 
The constant of the spring is k — 2.5 kN/m, and the spring is 
unstretched when AB and BC are horizontal. Neglecting the 
weight of the linkage and knowing that l = 300 mm, determine 
the value of 0 corresponding to equilibrium. 
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PROBLEM 10.30 

A vertical load W is applied to the linkage at B. The constant of 
the spring is k, and the spring is unstretched when AB and BC 
are horizontal. Neglecting the weight of the linkage, derive an 
equation in 0, W, l, and k that must be satisfied when the linkage 
is in equilibrium. 
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PROBLEM 10.31 

Two bars AD and DG are connected by a pin at D and by a spring 
AG. Knowing that the spring is 12 in. long when unstretched and that 
the constant of the spring is 125 lb/in., determine the value of x 
corresponding to equilibrium when a 900-lb load is applied at E as 
shown. 


SOLUTION 


Virtual Work: 





X X X r. 1 ~ 

y « = 3 + r2 Sy *=i Sx 

F -ks- (125 lb/in.)(x - 12 in.) 
<51/ = 0: FSx+WSy E = 0 

-(125)(x-12)<5x + (900)^<5xJ = 0 
-125x + 1500 + 450 = 0 


x- 15.60 in. 4 
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PROBLEM 10.32 

Solve Problem 10.31 assuming that the 900-lb vertical force is applied 
at C instead of E. 

PROBLEM 10.31 Two bars AD and DG are connected by a pin at D 
and by a spring AG. Knowing that the spring is 12 in. long when 
unstretched and that the constant of the spring is 125 lb/in., determine 
the value of x corresponding to equilibrium when a 900-lb load is 
applied at E as shown. 


SOLUTION 





1 If 












y r = — x Sy r - —Sx 
' c 6 c 6 




F = ks = (1 25 lb/in ,)(jc — 1 2 in.) 



Virtual Work: 

su = -FSx + W5v c = 125(v - 12) Sx + 90of -Sx 1 = 0 

V6 ) 



-125* + 1500 + 150 = 0 


x- 13.20 in. 4 
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PROBLEM 10.33 

Two 5-kg bars A B and BC are connected by a pin at B and by a 
spring DE. Knowing that the spring is 150 mm long when 
unstretched and that the constant of the spring is 1 kN/m, determine 
the value of x corresponding to equilibrium. 


SOLUTION 


First note: 


W bar = (5 kg)(9.8 1 m/s 2 ) = 49.05 N 



During the virtual displacement, Points D and E move apart a distance S(DE ) = j Sx and the total work done 
by the forces exerted at D and E is — F (y&r) 


SU = 0: -F\ -Sx 1 + 49.05 N| -Sx 1 + 49.05 N 


-Sx | = 0 
4 


F = 73.575 N 


For F = 73.575 N, elongation of spring is 


F 

k 


73.575 N 
1000 N/m 


= 73.575xl0~ 3 m 


= 73.575 mm 

Since undeformed length of spring is 150 mm, total length is 


DE = —x = 150 mm + 73.575 mm 
3 


x = 355 mm -4 
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PROBLEM 10.34 

Rod ABC is attached to blocks A and B that can move freely in 
the guides shown. The constant of the spring attached at A 
is k — 3 kN/m, and the spring is unstretched when the rod is 
vertical. For the loading shown, determine the value of 6 
corresponding to equilibrium. 


SOLUTION 


x c = (0.4 m)sin<9 
8x c = 0.4 cos 686 
y A = (0.2 m)cos# 

Sy A - -0.2 sin 686 

Spring : 

Unstretched length = 0.2 m 

F = k(0.2 m- y A ) = k( 0.2- 0.2 cos#) 
= (300 N/m)(0.2)(l - cos 9) 

F = 600(1- cos 6) 

Virtual Work : #7=0: (150 N)#t c + F8y A - 0 

150(0.4 cos 089 ) + 600(1 - cos 0)(- 0.2 sin 089) - 0 



150(0.4) _ 1 
600(0.2) “ 2 ' 


2 


(1 - cos 0) tan 0 


Solve by trial and error: 


0 - 57.2° ◄ 
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PROBLEM 10.35 

A vertical force P of magnitude 150 N is applied to end E of 
cable CDE, which passes over a small pulley D and is attached 
to the mechanism at C. The constant of the spring is k — 4 
kN/m, and the spring is unstretched when <9=0. Neglecting the 
weight of the mechanism and the radius of the pulley, 
determine the value of 6* corresponding to equilibrium. 


SOLUTION 


< CBD = 90° - 6 


Virtual Work: 


l = BC = 0.2 m 
r = 0.1m 


v — 21 sin 


45°- — 
2 

9 




( 0 9 V 

p 

-/ cos 

45°-- 



l 2j\ 


Sv = —l cos 45° - — j 59 

s = r9 8s = rS9 
F -ks - kr9 

SU = 0: -PSv - F5s = 0 


89 — kr9(rS9) = 0 
9 


PI _ 

kr 2 ~ cos (45° -f) 

PI _ (150 N)(0.2 m) 

kr 2 (4000 N/m)(0.1 m) 2 


= 0.75 


0.75 = 


9 


cos 


(45°-f) 

9 = 0.67623 rad =38.745° 



<9 = 38.7° ◄ 
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PROBLEM 10.37 (Continued) 


Now, with P = 300 N, / = 400 mm, and k= 5 kN/m 


(300 N) ^ cos ( 45 ° + f) 

(5000 N/m)(0.4 m) " cost? 


cos (45° + 4) 

or — = 0.60104 

cos# 


Solving numerically 


6 = 22 . 6 ° ◄ 
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PROBLEM 10.39 

The lever AB is attached to the horizontal shaft BC that passes through a 
bearing and is welded to a fixed support at C. The torsional spring 
constant of the shaft BC is K: that is, a couple of magnitude K is required 
to rotate end B through 1 rad. Knowing that the shaft is untwisted when 
AB is horizontal, determine the value of 6 corresponding to the position 
of equilibrium when P = 100 N, / = 250 mm, and K = 12.5 N • m/rad. 
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PROBLEM 10.40 





Solve Problem 10.39 assuming that P = 350N, / = 250mm, and 
K — 12.5 N • m/rad. Obtain answers in each of the following quadrants: 

0 < 0 < 90°, 270° < 6 < 360°, 360° < 9 < 450°. 

PROBLEM 10.39 The lever AB is attached to the horizontal shaft BC 
that passes through a bearing and is welded to a fixed support at C. The 
torsional spring constant of the shaft BC is K; that is, a couple 
of magnitude K is required to rotate end B through 1 rad. Knowing that 
the shaft is untwisted when AB is horizontal, determine the value of 6 
corresponding to the position of equilibrium when P = 100 N, 

1 = 250 mm, and K = 12.5 N • m/rad. 


SOLUTION 


Using Equation (1) of Problem 10.39 and 

P = 350 N, l 

e 


We have 


cos# 


= 250 mm and K = 12.5 N • m/rad 

_ (350 NX0.250 m) 

12.5 N • m/rad 


or — — = 7 or # = 7cos# (1) 

cos 9 

The solutions to this equation can be shown graphically using any appropriate graphing tool, such as Maple, 
with the command: plot ({theta, 7 * cos(theta)}, t =0.5* Pi/2); 

Thus, we plot y = 6 and y = l cos 9 in the range 


0 <#< 


5k 
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PROBLEM 10.41 

The position of boom ABC is controlled by the hydraulic cylinder BD. 
For the loading shown, determine the force exerted by the hydraulic 
cylinder on pin B when 6 - 65°. 


SOLUTION 

We have 



y A — (72 in.) cos 6 Sy A = -72 sin 056 

(BD) 2 = ( BC) 2 + (CD) 2 - 2 (BC)(CD) cos(180° - 0) 
= (45) 2 + (24) 2 + 2(45)(24) cos 0 

(BD) 2 =2601 + 2160 cos# 


( 1 ) 


Differentiating: 


2 (BD)S(BD) = -2160sin 050 


5(BD) = -^ f ^smQ5Q 
BD 


(2) 


Virtual Work : Noting that P tends to decrease and F BD tends to increase BD , write 


or, since 


SU = -PSy A + F bd 5(BD) = 0 


-P(—12 sin 656) + F, 


BD 


1080 

BD 


sin 050 = 0 


F bd =±(BD)P 


P = 600 lb: F bd = ^r( BD ) = ( 40 lb)(BD) 


( 3 ) 


Making 0 = 65° in Eq. (1), we have 

(BD) 2 = 2601 + 2160cos65° = 3513.9 
BD = 59.278 

Carrying into Eq. (3): F BD = (40 lb)(59.278) = 2371.1 lb F lin = 2370 lb ◄ 
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PROBLEM 10.42 

The position of boom ABC is controlled by the hydraulic cylinder BD. 
For the loading shown, (a) express the force exerted by the hydraulic 
cylinder on pin B as a function of the length BD, (b) determine the 
smallest possible value of the angle 6 if the maximum force that the 
cylinder can exert on pin B is 2.5 kips. 


SOLUTION 

(a) See solution of Problem 10.41 for the derivation of Eq. (3): 

( b ) For ( F nn ) max = 2.5 kips = 2500 lb, we have 

2500 lb = (40 lb )(BD) 

BD = 62.5 

Carrying this value into Eq. (1) of Problem 10.41, write 

(BD) 2 =2601 + 2160 cos 6 
(62.5) 2 =2601 + 2160cos<9 
cos <9 = 0.60428 


F BD =(401b)(£D) ◄ 


<9 = 52.8° ◄ 
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PROBLEM 10.45 


The telescoping arm ABC is used to provide an elevated platform 
for construction workers. The workers and the platform together 
weigh 500 lb and their combined center of gravity is located 
directly above C. For the position when 0 = 20°, determine the 
force exerted on pin B by the single hydraulic cylinder BD. 


1.5 ft 
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PROBLEM 10.46 

Solve Problem 10.45 assuming that the workers are lowered to 
a point near the ground so that 0 = -20°. 

PROBLEM 10.45 The telescoping arm ABC is used to 
provide an elevated platform for construction workers. The 
workers and the platform together weigh 500 lb and their 
combined center of gravity is located directly above C. For the 
position when 6 = 20°, determine the force exerted on pin B 
by the single hydraulic cylinder BD. 


SOLUTION 


Using the figure and analysis of Problem 10.45, including Equations (1) and (2), and with Q - -20°, we have 

Equation (1): 

BD 2 = 61.380- 44.477 cos(60.945° - 20°) 
BD 2 = 27.785 


££> = 5.2711 ft 

Equation (2): 

F bd =337.25 cos (- 20 °) (5.2711) 

BD sin(60.945 o -20°) 


F bd = 2549 lb or F BD = 2550 lb \ ◄ 
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PROBLEM 10.47 


Denoting by /u s the coefficient of static friction between collar C and the 
vertical rod, derive an expression for the magnitude of the largest couple M 
for which equilibrium is maintained in the position shown. Explain what 
happens if /i s > tan 0. 
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PROBLEM 10.48 

Knowing that the coefficient of static friction between collar C and the vertical 
rod is 0.40, determine the magnitude of the largest and smallest couple M for 
which equilibrium is maintained in the position shown, when 9 — 35°, / — 600 mm, 
and P = 300 N. 


SOLUTION 


From the analysis of Problem 10.50, we have 


M 


max 


pi 

2(tan 9 + ju s ) 


With 


9 = 35°, /-0.6 m, P = 300N 


M 


max 


(300 N)(0.6 m) 
2(tan35°-0.4) 


= 299.80 N m 


- 300 N • m 


◄ 


For M mm , motion of C impends downward and F acts upward. The equations of Problem 10.50 can still be 
used if we replace /i s by —fi s . Then 


M„ 


PI 

2(tan 9 + ju s ) 


Substituting, 


_ (300 N)(0.6 m) 
_ 2(tan35° + 0.4) 
= 81.803 N m 


M m „ = 8n 


Nm ◄ 
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PROBLEM 10.49 

A block of weight W is pulled up a plane forming an angle a with the horizontal by a force P directed along 
the plane. If fi is the coefficient of friction between the block and the plane, derive an expression for the 
mechanical efficiency of the system. Show that the mechanical efficiency cannot exceed j if the block is to 
remain in place when the force P is removed. 
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PROBLEM 10.50 

Derive an expression for the mechanical efficiency of the jack discussed in Section 8.6. Show that if the jack 
is to be self-locking, the mechanical efficiency cannot exceed j. 
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PROBLEM 10.51 

Denoting by jU s the coefficient of static friction between the block attached to 
rod ACE and the horizontal surface, derive expressions in terms of P, /u s , and 0 
for the largest and smallest magnitude of the force Q for which equilibrium is 
maintained. 


SOLUTION 

For the linkage: 


+)lM B = 0: -x A +^-P = 0 or A=— f 


Then: 

F = Ps A = f l s f y 

Now 

x A = 21 sin 0 
8x a = 21 cos 080 

and 

y F = 3 / cos 0 
8y F = -31 sin 080 

Virtual Work: 

SU= 0: (G ma x - 



or 


Gmax--/^ 


(21 cos 080) + P(-3l sin 080) - 0 


G ma x=!^tan0 + i// s /> 


Gmax =— (3tan0 + /O ◄ 


For Q min , motion of A impends to the right and F acts to the left. We change ju s to -/r s and find 


Gmin =-(3tan ◄ 
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SOLUTION 



Using the results of Problem 10.48 with 

6 = 30° 

/ = 0.2 m 

P = 40 N, and // s =0.15 


We have 

Gmax =y(3tan0 + // s ) 

(40 N) 

= ' (3 tan 30° + 0.15) 

= 37.64 N 

Gmax = 37.6 N ◄ 

and 

Gmin =y (3 tan 0-/O 

= (40N) (3tan30° 0.15) 
= 31.64 N 

Gmin - 31-6 N ◄ 
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2kN 3kN 5kN 



PROBLEM 10.54 

Using the method of virtual work, determine separately the force 
and couple representing the reaction at H. 
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PROBLEM 10.54 (Continued) 


From the geometry of the diagram: 

Sy G = 1 .2 SO Sy F = 1.859 
0 9 0 9 

Sy D = — Sy F = — (l- 8 59) = 13559 

5y c = = ^|(1.35^) - 22559 

5y „=—Sv r =— (22559) = 12559 
0.9 ' c 0.9 

Virtual Work: 


5U = (2 kN)Jy B + (3 kN)Jv D - (5 kN)J.v c + M H 59 = 0 
2(1 2559) + 3(1 3559) - 5(1 259) + M H 59 = 0 

M h =- 0.550 kN-m = 550 N • m ^ ◄ 
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PROBLEM 10.55 

Referring to Problem 10.43 and using the value found for 
the force exerted by the hydraulic cylinder CD , determine 
the change in the length of CD required to raise the 10-kN 
load by 15 mm. 

PROBLEM 10.43 The position of member ABC is 
controlled by the hydraulic cylinder CD. For the loading 
shown, determine the force exerted by the hydraulic 
cylinder on pin C when 0 — 55°. 
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PROBLEM 10.56 

Referring to Problem 10.45 and using the value found for 
the force exerted by the hydraulic cylinder BD, determine 
the change in the length of BD required to raise the 
platform attached at C by 2.5 in. 

PROBLEM 10.45 The telescoping arm ABC is used to 
provide an elevated platform for construction workers. 
The workers and the platform together weigh 500 lb and 
their combined center of gravity is located directly above 
C. For the position when Q = 20°, determine the force 
exerted on pin B by the single hydraulic cylinder BD. 
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PROBLEM 10.57 

A B C D 

Determine the vertical movement of joint D if the length of 





§ 

30 ft 

member BF is increased by 1.5 in. (Hint: Apply a vertical load 
at joint D, and, using the methods of Chapter 6, compute the 
force exerted by member BF on joints B and F. Then apply the 
method of virtual work for a virtual displacement resulting in 
the specified increase in length of member BF. This method 
should be used only for small changes in the lengths of 
members.) 

f 40 ft — ■ 

F 

40 ft 

G 

- ID ft -4«- 40 ft * 
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a B c D PROBLEM 10.5R 

yA 




30 ft 

F>v 

yy 

yy 


{ Determine the horizontal movement of joint D if the 


F 

G 

length of member BF is increased by 1 .5 in. (See the hint 

1— 40 ft - 

— 40 ft 

— 40 ft A*- 40 ft — 

for Problem 10.57.) 
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PROBLEM 10.59 



w 


Using the method of Section 10.8, solve Problem 10.29. 

PROBLEM 10.29 A load W of magnitude 600 N is applied to 
the linkage at B. The constant of the spring is k — 2.5 kN/m, and the 
spring is unstretched when AB and BC are horizontal. Neglecting 
the weight of the linkage and knowing that / = 300 mm, determine the 
value of 6 corresponding to equilibrium. 


SOLUTION 


<>0 — M 






f = 



r yr" 





tyv 




W = 600 N 
I = 0.3 m, 

and k = 2500 N • m 



We have 

(/ - cos #) tan# 

600 N 

~ 4(2500 N/m)(0.3 m) 
= 0.2 



Solving numerically 




# = 40.2° ◄ 
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PROBLEM 10.60 



Using the method of Section 10.8, solve Problem 10.30. 

PROBLEM 10.30 A vertical load W is applied to the linkage 
at B. The constant of the spring is k, and the spring is unstretched 
when AB and BC are horizontal. Neglecting the weight of the 
linkage, derive an equation in 0, W, /, and k that must be satisfied 
when the linkage is in equilibrium. 
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PROBLEM 10.62 



Using the method of Section 10.8, solve Problem 10.32. 

PROBLEM 10.32 Solve Problem 10.31 assuming that the 900-lb 
vertical force is applied at C instead of E. 

PROBLEM 10.31 Two bars AD and DG are connected by a pin at D 
and by a spring AG. Knowing that the spring is 12 in. long when 
unstretched and that the constant of the spring is 125 lb/in., determine 
the value of x corresponding to equilibrium when a 900-lb load is 
applied at E as shown. 


SOLUTION 


But 

and 


Thus 



dV 1 

— = Jk(je-12 ) — W = 0 
dx 6 


W 

x = 12 + — = 12in.+ 
6k 


9001b 
6(125 lb/in.) 


x- 13.20 in. -4 
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PROBLEM 10.63 

Using the method of Section 10.8, solve Problem 10.33. 

PROBLEM 10.33 Two 5-kg bars AB and BC are connected by a pin at B 
and by a spring DE. Knowing that the spring is 150 mm long when 
unstretched and that the constant of the spring is 1 kN/m, determine the 
value of x corresponding to equilibrium. 


SOLUTION 

First note: W bar = (5 kg)(9.81 m/s 2 ) = 49.05 N 



Since unstretched length of spring is 150 mm, or 0.15 m, we have 

A, =—*-0.15 

s 3 

Y = -Mn - (49.05 N)-- (49.05 N)— 

2 s 4 4 


y = 1(1000 N/m) 


f 2 

— jc— 0.15 


- 12.2625a- -36.7875* 


^W 2 

dx 


— v- 0.15 — 12.2625 - 36.7875 = 0 
3 J 3 


x = 0.335 m 


x = 335 mm 4 
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PROBLEM 10.64 
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PROBLEM 10.65 

Using the method of Section 10.8, solve Problem 10.37. 

PROBLEM 10.37 and 10.38 Knowing that the constant of spring CD is k 
and that the spring is unstretched when rod ABC is horizontal, determine the 
value of 6 corresponding to equilibrium for the data indicated. 

PROBLEM 10.37 P = 300N, / = 400mm, £ = 5kN/m. 
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PROBLEM 10.66 

Using the method of Section 10.8, solve Problem 10.38. 

PROBLEM 10.37 and 10.38 Knowing that the constant of spring CD is k 
and that the spring is unstretched when rod ABC is horizontal, determine the 
value of 6 corresponding to equilibrium for the data indicated. 

PROBLEM 10.38 P = 751b, 1 = 15 in., k = 20 lb/in. 


SOLUTION 


Using the results of Problem 10.65 with P -15 Vo, 1 - 15 in. and k = 20 lb/in., we have 


or 


1-V2 


cos (45° + 4) 
cos# 


p 

Id 

75 lb 

(20 lb/in. )( 15 in.) 
0.25 


cos (45° + 
cos# 


0.53033 


Solving numerically 


# = 51.058° 


# = 51.1° ◄ 
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30 mm 


PROBLEM 10.67 


C|Sj=j8| Y 

B ^- k 18Nm 40 , mm 

—A fo- f- 

40 mm 

£l L 


Show that equilibrium is neutral in Problem 10.1. 

PROBLEM 10.1 Determine the vertical force P that must be 
applied at G to maintain the equilibrium of the linkage. 
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8 in. 

8 in. 8 in. 

PROBLEM 10.68 

P 

' 'A 

B 

c Show that equilibrium is neutral in Problem 10.7. 

(0 

o 



PROBLEM 10.7 The two-bar linkage shown is supported by a pin and 

9 m. 

bracket at B and a collar at D that slides freely on a vertical rod. 
Determine the force P required to maintain the equilibrium of the 

1 

100 lb 

1501b 

linkage. 


SOLUTION 



ZIvx 


Ja = 2u 
y E = -u 
y F = -u 

V = Py A + (100 \b)y K + (150 lb)y f 

V = P(2u) + (100 lb )(-w) + (150 lb )(-w) 
dV 

— = 2P- 100 -150 = 0 
du 

P = 125 lb 

Now, substitute P = 125 lb in expression for V, making V - 0. Thus, V is constant and 

equilibrium is neutral. M 
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PROBLEM 10.70 


Two uniform rods, AB and CD , are attached to gears of equal radii 
as shown. Knowing that W AB - 8 lb and W CD = 4 lb, determine 
the positions of equilibrium of the system and state in each case 
whether the equilibrium is stable, unstable, or neutral. 
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PROBLEM 10.71 

Two uniform rods, each of mass m and length l, are attached to 
gears as shown. For the range 0 < 0 < 1 80°, determine the positions 
of equilibrium of the system and state in each case whether the 
equilibrium is stable, unstable, or neutral. 
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PROBLEM 10.73 





Using the method of Section 10.8, solve Problem 10.39. Determine 
whether the equilibrium is stable, unstable, or neutral. (Hint: The 
potential energy corresponding to the couple exerted by a torsion spring 
is \K6 2 , where K is the torsional spring constant and 0 is the angle of 
twist.) 

PROBLEM 10.39 The lever AB is attached to the horizontal shaft BC 
that passes through a bearing and is welded to a fixed support at C. The 
torsional spring constant of the shaft BC is K; that is, a couple of 
magnitude K is required to rotate end B through 1 rad. Knowing that the 
shaft is untwisted when AB is horizontal, determine the value of 6 
corresponding to the position of equilibrium when P = 100 N, / = 250 mm, 
and K = 12.5 N • m/rad. 
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? p 


PROBLEM 10.74 

In Problem 10.40, determine whether each of the positions of 
equilibrium is stable, unstable, or neutral. (See hint for Problem 10.73.) 

PROBLEM 10.40 Solve Problem 10.39 assuming that P - 350 N, 

/ = 250 mm, and K = 12.5 N • m/rad. Obtain answers in each of the 
following quadrants: O<0<9O°, 27O°<0<36O°, 36O°<0<45O°. 


SOLUTION 


Potential energy 


Equilibrium 

For 


or 

Solving numerically 
or 


Stability at 0 — 78.7°: 


At 0 = 323.8°: 


At At 0 = 379.1°: 


AU ke 



P = 350 N, / = 0.250 m and K = 12.5 N • m/rad 

„ 12.5 N • m/rad 

cos 6 — 6 

(350 N)(0.250 m) 


cos Q - — 

7 

6 = 1.37333 rad, 5.652 rad, and 6.616 rad 
0 = 78.7°, 323.8°, 379.1° 
d 2 V 

— - = (12.5 N- m/rad) + (350 N)(0.250 m) sin 78.7° 

00 “ 

= 98.304 >0 0 = 78.7°, Stable ◄ 

d 2 V 

— — = (12.5 N • m/rad) + (350 N)(0.250 m) sin 323.8° 

00 - 

= -39.178 Nm<0 0 = 324°, Unstable ◄ 


d 2 V 

00 2 


= (12.5 N • m/rad) + (350 N)(0.250 m) sin 379.1° 


= 44.132 N-m>0 


0 = 379°, Stable ◄ 
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PROBLEM 10.75 

A load W of magnitude 100 lb is applied to the mechanism at C. 
Knowing that the spring is unstretched when # = 15°, determine that 
value of 9 corresponding to equilibrium and check that the equilibrium 
is stable. 


SOLUTION 

We have 


Equilibrium 

with 


or 

Solving numerically 

Stability 

or 

For 9 = 104.0°: 


y c = l cos 0 

V =h[r(9-9 0 )f + Wv c 9 0 = 15° - ^-rad 
= kr 2 {O-O 0 ) 2 + Wl cos 6 

— = kr 2 (9 -9 0 )-Wl sin 9 
d9 

— = 0: kr 2 (9 — 9 0 ) — wl sin # = 0 
d9 



Vk=1001b, R — 50 lb./in., / = 20in., and r = 5in. 


(50 lb./in.)(25 in. 2 )| 9-^ | — (100 lb)(20 in.)sin 6> = 0 


0.6256»-sin6> = 0.16362 

9 = 1.8145 rad = 103.97° 

i 2w 

= kr 2 - Wl cos 9 

d9 2 

= 1250- 2000 cos# 

= 1734 in. • lb > 0 


<9 = 104.0° ◄ 

(2) 

Stable A 
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PROBLEM 10.76 

A load W of magnitude 100 lb is applied to the mechanism at C. 
Knowing that the spring is unstretched when 9 = 30°, determine that 
value of # corresponding to equilibrium and check that the equilibrium 
is stable. 


= 5 in. 


SOLUTION 


( 71 \ 

Using the solution of Problem 10.75, particularly Equation (1), with 15° replaced by 30° — rad : 

6 

For equilibrium kr 1 

9 \-Wl sin# = 0 

v 6 J 

With k — 50 lb/in., VF = 1001b, r = 5in., and / = 20in. 

(50 lb/in. )(25 in. 2 ) 

[° ~ t) - (10 ° lb)(20 ilL) sin 6 = 0 

or 

1250# - 654.5 - 200 sin 6 = 0 

Solving numerically, 

9 = 1.9870 rad =113.8° 


# = 113.8° ◄ 

Stability: Equation (2), Problem 75: 


1 2y 

= kr 2 Wl cos 9 
cl9~ 

or 

= 1250 -2000 cos# 

For <9 = 113.8°: 

= 2057 in.lb>0 Stabled 
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PROBLEM 10.77 

A slender rod AB, of weight W, is attached to two blocks A 
and B that can move freely in the guides shown. Knowing that 
the spring is unstretched when y — 0, determine the value of 
y corresponding to equilibrium when W = 80 N, 1 - 500 mm, 
and k = 600 N/m. 
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A 



PROBLEM 10.78 

A slender rod AB, of weight W. is attached to two blocks A and B 
that can move freely in the guides shown. Knowing that both 
springs are unstretched when y — 0, determine the value of 
y corresponding to equilibrium when W = 80 N, l - 550 mm, 
and k = 600 N/m. 
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B 



PROBLEM 10.79 

A slender rod AB, of weight W, is attached to two blocks A and B that 
can move freely in the guides shown. The constant of the spring is k, 
and the spring is unstretched when AB is horizontal. Neglecting the 
weight of the blocks, derive an equation in 9, W. I, and k that must be 
satisfied when the rod is in equilibrium. 
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PROBLEM 10.80 

A slender rod AB, of weight W, is attached to two blocks A and B that can 
move freely in the guides shown. Knowing that the spring is unstretched 
when AB is horizontal, determine three values of 6 corresponding to 
equilibrium when W = 300 lb, 1 = 16 in., and k = 75 lb/in. State in each 
case whether the equilibrium is stable, unstable, or neutral. 


SOLUTION 

Using the results of Problem 10.79, particularly the condition of equilibrium 


cos# 


(sin 0 + cos 0 - 1)(1 - tan 0) - 

2kl 


= 0 


Now, with W = 300 lb, / = 16 in., and k — 75 lb/in. 


IV 


3001b 


■ = 0.25 


Thus: 


2kl (16 in.)(75 lb/in.) 
cos #[(sin# + cos 6 — 1)(1- tan#) -0.25] = 0 
cos# = 0 and (sin# + cos # — 1)(1 — tan#) = 0.25 


First equation yields # = 90°. Solving the second equation by trial, we find # = 9.39° and 34.16° 
Values of # for equilibrium are 


# = 9.39°, 34.2°, and 90.0° 


Stability : we differentiate Eq. (1). 


d 2 y 

ds 2 


1 


= kl [(cos # - sin #)(cos # - sin #) + (sin # + cos #-!)(- sin # - cos #)] + — wl sin # 


= kl 2 


= kl 


2 2 2 2 W 

cos” # + sin” #-2cos#sin#-sin” #-cos #-2cos#sin# + sin# + cos#H sin# 


2 kl 


r w 

lH |sin# + cos#-2sin2# 

2 kl 


dB z 

0 = 9.39°: 


1 2l7 

C ■ = A7 2 (1.25sin# + cos#-2sin2#) 


I 2t 7 

= kl 2 (1 .25 sin 9.4 + cos 9.4 - 2 sin 18.8) 
d0 2 


= kl 2 (+ 0.55) <0 


Stable A 
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PROBLEM 10.80 (Continued) 


0 = 34.2°: 


<9 = 90.0°: 


i Z 

— - = kl 2 ( 1 .25 sin 34.2° + cos 34.3° - 2 sin 68.4°) 

dQ~ 

- kl 2 (-0.33) < 0 Unstable A 

j2t7 

— - = kl 2 (1 .25 sin 90° + cos 90° - 2 sin 1 80°) 

dd 2 


- A'/ 2 (1.25) > 0 


Stable A 
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PROBLEM 10.81 

A spring AB of constant k is attached to two identical gears as 
shown. Knowing that the spring is undeformed when 0-0, 
determine two values of the angle 0 corresponding to equilibrium 
when P — 30 lb, a — 4 in., b — 3 in., r — 6 in., and k — 5 lb/in. State 
in each case whether the equilibrium is stable, unstable, or neutral. 
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PROBLEM 10.82 

A spring AB of constant k is attached to two identical gears as shown. 
Knowing that the spring is undeformed when 9 - 0, and given that 
a — 60 mm, b — 45 mm, r — 90 mm, and k-6 kN/m, determine (a) the 
range of values of P for which a position of equilibrium exists, ( b ) two 
values of 9 corresponding to equilibrium if the value of P is equal to 
half the upper limit of the range found in part a. 


TP 
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PROBLEM 10.83 (Continued) 


Equilibrium 

or 

or 

With 


f'Wo: UP + Q ^-ft -PLs ing = 0 
dO cos P 

(P + Q ) sinl# — fS) = Psin 6* cos P 

(P + <2)(sin Pcos f3 - cos 0 sin J3) = P sin 0 cos /3 

-{P + Q) cos Psin [i + Qsin Pcos /3 = 0 

P + Q sin [5 sin 0 


- + - 


tanP = 


Q cos P cos 6 

P + Q, 


■ = 0 


Q 


-tan P 


P -Q- 400 N, P = 30° 


tan 6 = 800 N tan 30° = 1.1 547 
400 N 


(2) 


0 = 49.1° ◄ 
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SOLUTION 


Using Equation (2) of Problem 10.83, with P = 100 N, Q = 25 N, and /? = 30°, we have 


„ (100 N)(25 N) ono 

tan 9 - tan 30° 


(25 N) 


= 57.735 


G = 89.007° 

6 = 89.0° ◄ 
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PROBLEM 10.85 

Cart B , which weighs 75 kN, rolls along a sloping track that forms 
an angle (3 with the horizontal. The spring constant is 5 kN/m, and 
the spring is unstretched when x — 0. Determine the distance x 
corresponding to equilibrium for the angle (3 indicated. 

Angle p = 30°. 
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c 

1 PROBLEM 10.87 

A rW 


6 ' v ^ 

^ Collar A can slide freely on the semicircular rod shown. Knowing that 

the constant of the spring is k and that the unstretched length of the 
spring is equal to the radius r, determine the value of # corresponding to 
equilibrium when W = 50 lb, r = 9 in., and k = 15 lb/in. 

m 

wj 




SOLUTION 

Stretch of spring 


Potential energy: 


Equilibrium 


Now 


s = AB - r 
s = 2(rcos 6) - r 
s = r(2cos#-l) 


V - — ks ' - Wr sin 28 W — mg 

2 

V = — kr 2 (2 cos O-lj 1 -WrsinlO 



dV , 

= —kr (2 cos (9 - 1)2 sin 6> - 2Wr cos 28 

dO 


dV , 

= 0: - kr 2 (2 cos 6^ — 1) sin 6^ — Wr cos 28 = 0 

dG 


(2 cos $-1) sin <9 _ W 
cos 28 kr 


W_ 

kr 


(50 lb) 

(15 lb/in. )(9 in.) 


0.37037 


Then 


(2cos^-l)sin^ 
cos 28 


-0.37037 


Solving numerically, 


8 = 0.95631 rad = 54.8° 


8 = 54.8° ◄ 
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PROBLEM 10.89 


Two bars AB and BC of negligible weight are attached to a single spring 
of constant k that is unstretched when the bars are horizontal. Determine 
the range of values of the magnitude P of two equal and opposite forces 
P and -P for which the equilibrium of the system is stable in the 
position shown. 
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PROBLEM 10.89 (Continued) 


Note: For P = \kl. we have - o and we must determine which is the first derivative to be ■£ 0. 

2 rW 2 


Differentiating Eq. (1): 

d 3 V , 

— - = +2 PI sin 9 - 2 kl 2 sin 29 = 0 for 9 = 0 
d9 i 

r 4r 7 

= 2PI cos <9 - 4A'/ 2 cos 2(9 = 2PI - 4ld 2 for 9 = 0 
d9 4 

But P -\kl. Thus = /c / 2 - 4/c/ 2 < 0 and we conclude that the equilibrium is unstable for P -\kl. 
The sign < in Eq. (2) is thus correct. 
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a 



PROBLEM 10.90 

A vertical bar AD is attached to two springs of constant k and is in 
equilibrium in the position shown. Determine the range of values of the 
magnitude P of two equal and opposite vertical forces P and -P for which 
the equilibrium position is stable if (a) AB = CD, (b) AB = 2 CD. 


-p 
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PROBLEM 10.91 

Rod AB is attached to a hinge at A and to two springs, each of 
constant k. If h = 25 in., d — 12 in., and W = 80 lb, determine the 
range of values of k for which the equilibrium of the rod is stable in 
the position shown. Each spring can act in either tension or 
compression. 
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PROBLEM 10.91 (Continued) 


Since kd 2 = \Wh, ddkk = -414-7/ + 447/ < 0, we conclude that the equilibrium is unstable for kd 2 - \ Wh and 
the > sign in Equation (2) is correct. 

With W — 80 lb, h = 25 in., and d — 12 in. 

, 1 

Equation (2) gives k( 12 in.) > —(80 lb)(25 in.) 

or k > 6.944 lb/in. k > 6.94 lb/in. ◄ 
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PROBLEM 10.92 

Rod AB is attached to a hinge at A and to two springs, each of 
constant k. If h = 45 in., k - 6 lb/in., and W - 60 lb, determine the 
smallest distance d for which the equilibrium of the rod is stable in 
the position shown. Each spring can act in either tension or 
compression. 


SOLUTION 

Using Equation (2) of Problem 10.91 with 

h = 45 in., k - 6 lb/in., and W — 60 lb 

(6 lb/in.)r/ 2 > ^-(60 lb)(45 in.) 

or d 2 > 225 in. 2 

d > 15.0000 in. smallest d = 15.00 in. M 
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PROBLEM 10.93 

Two bars are attached to a single spring of constant k that is 
unstretched when the bars are vertical. Determine the range 
of values of P for which the equilibrium of the system is 
stable in the position shown. 
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PROBLEM 10.94 

Two bars are attached to a single spring of constant k that 
is unstretched when the bars are vertical. Determine the 
range of values of P for which the equilibrium of the 
system is stable in the position shown. 
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PROBLEM 10.95 

The horizontal bar BEH is connected to three vertical bars. The collar at 
E can slide freely on bar DF. Determine the range of values of Q for 
which the equilibrium of the system is stable in the position shown 
when a — 24 in., b- 20 in., and P = 150 lb. 


SOLUTION 


First note 

For small values of 6 and </>: 
or 


when 0 — 0: 



aO = b(/) 



V = P(a + b)cos(/>-2Q(a + b)cos0 


— (a + b) 


dV . ,, 

-(a + b) 

dO 


P cos 


-0 -20COS0 
b 


a D ■ 

— Fsin 


a 


-6 | + 2Qsin0 

\b 


d 2 v 

dO 1 


d 2 V 

dO 2 


— ( a + b ) 


-(a + b) 


( 


— Fcosj ^— 0 | + 2gcos0 


f 2 

~¥ P+2Q 
V b 


J 
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PROBLEM 10.95 (Continued) 


i Zw 2 . 

Stability: — ->0: ~^-P+2Q>0 

dd~ b~ 



P<2^Q 

a 

(1) 

or 

Q>^jP 

2b 2 

(2) 

with 

/ ) = 1501b, a- 24 in., and £> = 20 in. 


Equation (1): 

(24 in.) 150 lb Q8 0Q0 lb 
2(20 in.) 2 


For stability 


Q> 108.0 lb ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1825 





PROBLEM 10.96 

The horizontal bar BEH is connected to three vertical bars. The collar 
at E can slide freely on bar DF. Determine the range of values of P for 
which the equilibrium of the system is stable in the position shown 
when a — 150 mm, b = 200 mm, and Q — 45 N. 


SOLUTION 



Using Equation (2) of Problem 10.95 with 

<2 = 45N, a = 150 mm, and b = 200mm 


Equation (2) 

p<2 (20Omm) ! (45N) 
(150 mm) 

= 160.000 N 


For stability 


P < 160.0 N ◄ 
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PROBLEM 10.97* (Continued) 


For 


Substituting 


Solving 

or 


or 


or 


9 X =9 2 =0: 


dV 

dO l 


dV 

d0 2 


= 0 


(condition satisfied) 


9 2 V V 9 2 V 9 2 V 
dQ x d6 2 j d6 2 30\ 


( kl 2 f - (-PI + 2 kl 2 )(- Pl + kl)< 0 
k 2 l 4 - P 2 l 2 + 3PA7 3 - 2 k 2 l A < 0 
P 2 -3klP + k 2 l 2 > 0 


3 — 'J~5 3 + V5 

F< A'/ or P> A7 

2 2 

P < 0.382 kl or P > 2.62A/ 


>0: -PI + 2kl 2 > 0 

P < —kl 
2 

0: -Pl + kl 2 >0 

39 ; 

P <kl 


Therefore, all conditions for stable equilibrium are satisfied when 


0 < P < 0.382A7 ◄ 
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PROBLEM 10.98* 

Solve Problem 10.97 knowing that l = 800 mm and k = 2.5 kN/m. 

PROBLEM 10.97* Bars AB and BC, each of length / and of negligible weight, 
are attached to two springs, each of constant k. The springs are undeformed, 
and the system is in equilibrium when 61-62 — 0. Determine the range of 
values of P for which the equilibrium position is stable. 


SOLUTION 

From the analysis of Problem 10.97 with 

l = 800 mm and k = 2.5 kN/m 

P < 0.382 kl = 0.382(2500 N/m)(0.8 m) = 764 N P < 764 N ◄ 
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PROBLEM 10.100* 

Solve Problem 10.99 knowing that k = 20 lb/in., r = 3 in., / = 6 in., 
and (a) W =15 lb, (b) W= 60 lb. 

PROBLEM 10.99* Two rods of negligible weight are attached to 
drums of radius r that are connected by a belt and spring of constant k. 
Knowing that the spring is undeformed when the rods are vertical, 
determine the range of values of P for which the equilibrium position 
0\ — 9 2 — 0 is stable. 


SOLUTION 

k = 20 lb/in. 



r- 3 in. 



/ = 6 in. 



kr _ (20 lb/in.)(3 in.) 2 _ 
/ 6 in. 


(a) 

1 ^ IK 

W = 15 lb: P < (30 lb) 

(30 lb) + (15 lb) 

P< 10.00 lb ◄ 

(b) 

W = 60 lb : P < (30 lb) 60 lb 

(30 lb) + (60 lb) 

P< 20.0 lb ◄ 


PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1832 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1833 







PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1834 






PROBLEM 10.103 

A spring of constant 15 kN/m connects Points C and F of the linkage shown. 
Neglecting the weight of the spring and linkage, determine the force in the 
spring and the vertical motion of Point G when a vertical downward 120-N 
force is applied (a) at Point C, ( b ) at Points C and H. 


SOLUTION 


For spring: 


y G = 4 .v c 


y H = 4 .v c 

II 

£C! 

y F = 3 y c 

^5 

v: 

II 

v: 

Cl 

y E = 2 yc 

Sy E = 28 y c 

i 

k, 

II 

<1 

y c 





Q = Force in spring (assumed in tension) 


(a) 


Q = +kA = k(y F — y c ) = k(3y c — y c ) = 2ky c (1) 

C = 120 N, E = F = H = 0 


Virtual Work : 

SU = 0: -(120 N)£y c + QSy c - QSy F = 0 
-120 8y c + Q8y c - Q(3Sy c ) = 0 

Q = -60 N 0 = 60.0 N C ◄ 

Eq. (1): Q = 2ky c , -60 N = 2(15 kN/m) y c , j c =-2mm 

At Point G: y G = 4 y c = 4(-2 mm) = -8 mm y G = 8.00 mm , 4 

( b ) C = H = 120 N, E = F = 0 

Virtual Work : 

SU= 0: - (120 N)Jy c - (120 N)y H + Q5y c - QSy F = 0 
-120 Sy c - 1 20(4Sy c ) + Q8y c - Q(3 5y c ) = 0 

Q = -300 N Q = 300 N C ◄ 
Eq. (1): Q-2ky c -300 N = 2(15 kN/m)y c , y c =-10mm 

At Point G: y G — 4y c =4(-10 mm) = -40 mm y c =40.0mmj-^ 
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PROBLEM 10.104 

Derive an expression for the magnitude of the force Q required to 
maintain the equilibrium of the mechanism shown. 
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PROBLEM 10.105 

Derive an expression for the magnitude of the couple M required to 
maintain the equilibrium of the linkage shown. 
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PROBLEM 10.107 

A force P of magnitude 240 N is applied to end E of cable CDE, 
which passes under pulley D and is attached to the mechanism at C. 
Neglecting the weight of the mechanism and the radius of the 
pulley, determine the value of 6 corresponding to equilibrium. The 
constant of the spring is k — 4 kN/m, and the spring is unstretched 
when 0 = 90°. 
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24 lb PROBLEM 10.108 



Two identical rods ABC and DBE are connected by a pin at B and 
by a spring CE. Knowing that the spring is 4 in. long when 
unstretched and that the constant of the spring is 8 lb/in., determine 
the distance x corresponding to equilibrium when a 24-lb load is 
applied at E as shown. 
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PROBLEM 10.110 

Two bars AB and BC are attached to a single spring of constant k that is 
unstretched when the bars are vertical. Determine the range of values of P 
for which the equilibrium of the system is stable in the position shown. 
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PROBLEM 10.110 (Continued) 


For G - 0 and 


Thus equilibrium is unstable for 


p_ k(l-a) 2 
21 

j4t r 

- = 2Pl-4k(l-a) 2 

de A 

= k(l - a) 3 - Ak{l - a) 2 < 0 

p _ k(l-a) 2 

21 
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PROBLEM 10.111 

A homogeneous hemisphere of radius r is placed on an incline as shown. 
Assuming that friction is sufficient to prevent slipping between the 
hemisphere and the incline, determine the angle 6 corresponding to 
equilibrium when [1 = 10°. 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 


1844 






PROBLEM 10.112 

A homogeneous hemisphere of radius r is placed on an incline as shown. 
Assuming that friction is sufficient to prevent slipping between the 
hemisphere and the incline, determine (a) the largest angle [3 for which a 
position of equilibrium exists, ( b ) the angle 0 corresponding to equilibrium 
when the angle [3 is equal to half the value found in part a. 
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